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wherein: 

A is CH 2 , or a single bond; 

R, is selected from: R. OH, OR, C0 2 H,CO 2 R,C0H, COR, S0 2 R,CN; 

rI R, and no are independently selected from H, R, OH, OR, hato, amino, NHR, n.tro, Me 3 Sn; 
^ R„Ts 2LL from H. R. OH, OR, halo, amino. NHR. nitro. Mc 3 Sn. where Ft is as defined above. oMho 
compound is a dimor with each monomer being the same or different and bemg of formula la or lb, where the 
groups of the monomers form together a bridge having the formula -X-R'-X- linking the monomers, where R s an 
alkylene chain containing from 3 to 1 2 carbon atoms, which chain may be interrupted by one or more v heter °™ 
anchor aromatic rings and may contain one or more carbon-carbon double or triple bonds, and each X is tndepend- 
ently selected from O, S ; or N; 

except that in a compound of formula la when A is a single bond, .hen R 2 is not CH=CH(CONH 2 ) or eH=CH(CONMe 2 ). 
Olher related compounds are also disclosed. 
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Description 



Background to the invention 

5 [0001] Some pyrrolobenzodiazepines (PBDs) have the ability to recognise and bond to specific sequences of DNA; 
the preferred sequence is PuGPu. The first PBD antitumor antibiotic, anthramycin, was discovered in 1965 (Leinv 
gruber et al, 1965 J. Am. Chem. Soc, 87, 5793-5795; Leimgruber et al, 1965 J. Am. Chem. Soc, 87, 5791-5793). 
Since then a number of naturally occurring PBDs have been reported, and over 1 0 synthetic routes have been devel- 
oped to a variety of analogues (Thurston etal., 1 994 Chem. Rev. 1994, 433-465). Family members include abbeymycm 

w (Hochlowski ef al, 1987 J. Antibiotics, 40, 145-148), chicamycin (Konishi etal, 1984 J. Antibiotics, 37. 200-206), DC- 
81 (Japanese Patent 58-1 80 487; Thurston et a/., 1 990, Chem. Brit.. 26, 767-772; Bose et al.. 1 992 Tetrahedron, 48, 
751 -758), mazethramycin (Kuminoto ef al. 1 980 J. Antibiotics, 33, 665-667), neothramycins A and B (Takeuchi et al. 
1976 J. Antibiotics, 29, 93-96), porolhramycin (Tsunakawa et al. 1988 J. Antibiotics, 41, 1366-1373), prothracarcm 
(Shimizu etal, 1982 J. Antibiotics, 29, 2492-2503; Langley and Thurston, 1987 J. Org. Chem., 52, 91-97), sibanomicin 

15 (DC-102)(Hara ef al, 1988 J. Antibiotics, 41, 702-704; ltoh et al, 1988 J. Antibiotics, 41, 1281-1284), sibiromycm 
(Leber etal, 1988 J. Am. Chem. Soc, 110. 2992-2993) and tomamycin (Arima et at., 1972 J. Antibiotics, 25, 437-444). 
PBDs are of the general structure; 




They differ in the number, type and position of subslituents, in both their aromatic A rings and pyrrolo C rings, and »n 
30 the degree of saturation of the C rinq. In the B-ring there is either an imine (N=C), a carbinolamine(NH-CH(OH)), or a 
carbinoiamine methyl ether (NH-CH(OMe)) at the N10-C11 position which is the etectrophilic centre responsible for 
alkylating DNA. All of the known natural products have an (^-configuration at the chiral C11 a positron which provides 
them with a right-handed twist when viewed from the C ring towards the A ring. This gives them the appropnate three- 
dimensional shape for isohelicity with the minor groove of B-form DNA, leading to a snug fit at the binding site (Kohn, 
35 1975 In Antibiotics III. Springer-Verlag, New York, pp. 3-11 ; Hurley and Needham-VanDevanter, 1986 Acc. Chem. 
Res., 19, 230-237). Their ability to form an adduct in the minor groove, enables them to interfere with DNA processing, 
hence their use as antitumour agents. 



40 



Disclosure of the invention 



[0002] A first aspect of the present invention is a compound with the formula la or lb: 




wherein: 



55 A is CH 2 , or a single bond; 

R2 is selected from: R. OH, OR, C0 2 H, C0 2 R. COH, COR, S0 2 R, CN; R 6 , R 7 and R 9 are independently selected 

from H, R, OH, OR. halo, amino, NHR, nitro, Me 3 Sn; 

where R is a lower atkyl group having 1 to 10 carbon atoms, or an aralkyl group (i.e. an alkyl group with one or 
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more aryl substituents), preferably of up to 12 carbon atoms, whereof the alkyi group optionally contains one or 
more carbon-carbon double or triple bonds, which may form part of a conjugated system, or an aryl group, pref- 
erably of up to 1 2 carbon atoms: and is optionally substituted by one or more halo, hydroxy, amino, or nitro groups, 
and optionally containing one or more hetero atoms which may form part of. or be, a functional group; or R 7 and 

5 R 8 together from a group -0-(CH 2 ) p -0-, where p is 1 or 2; 

and R 8 is selected from H, R, OH, OR ; halo, amino, NHR, nitro, Me 3 Sn, where R is as defined above, or the 
compound is a dimer with each monomer being the same or different and being of formula la or lb, where the R a 
groups of the monomers form together a bridge having the formula -X-R'-X- linking the monomers, where R' is an 
alkylene chain containing from 3 to 1 2 carbon atoms, which chain may be interrupted by one or more hetero-atoms 

io and/or aromatic rings, e.g. benzene or pyridine, and may contain one or more carbon-carbon double or triple bonds, 

and each X is independently started from O, S, or N; except that in a compound of formula la when A is a single 
bond, then R 2 is not CH==CH(CCNH 2 ) or CH=CH(CONMe 2 ). 

[0003] If A is a single bond then R 2 is bonded directly to the C-ring of the PBD. 
15 [0004J If R is an aryl group, and contains a hetero atom, then R is a heterocyclic group. If R is an alkyl chain, and 
contains a hetero atom, the hetero atom may be located anywhere in the alkyl chain, e.g. -0-C 2 H 5 , -CH 2 -S-CH 3 , or 
may form part of or be a functional group e.g. carbonyl, hydroxy. 

[0005] It is preferred that in a compound of formula la when A is a single bond, then R 2 Is not CH=CR A R B , where 
R* and R B are independently selected from H, R c , COR c , CONH 2 , CONHR c , CONR c 2 , cyano or phosphonate, where 

20 rc -, s an unsubstituted alkyl group having 1 to 4 carbon atoms. 

[0006] R is preferably selected from a lower alkyl group having 1 to 10 carbon atoms, or an aralkyl group, preferably 
of up to 12 carbon atoms, or an aryl group, preferably of up to 12 carbon atoms, optionally substituted by one or more 
halo, hydroxy, amino, or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 
carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It is particularly preferred 

25 that R is an unsubstituted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 to 
4. carbon atoms, e.g. methyl, ethyl, n-propyl, n-butyl or t-butyl. 

[0007] Alternatively, R 6> R 7 , R 9 and, unless the compound is a dimer, R a may preferably be independently selected 
from R groups with the following stnictural characteristics: 

30 (i) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyt group; 

(iii) an ethenyl group conjugated to an electron sink. 

[0008] The term 'electron sink' means a moiety covatently attached to a compound which is capable of reducing 
35 electron density in other parts of the compound. Examples of electron sinks include cyano, carbonyl and ester groups. 
[0009] It may be preferred that A is CH 2 and/or that R 2 is C0 2 H, C0 2 R, CH 2 OH, or CH 2 OR. It may be further preferred 
that R 2 is C02Me, CO^Bu, CH 2 OH, or CH 2 OAc. 

[0010] R 6 , Ry, and R 9 , unless the compound is a dimer, R 8 are preferably selected from H and OR, and more par- 
ticularly H, OMe and OCH 2 Ph. It is further preferred that R 7 and, unless the compound is a dimer, R 8 are OR, more 
40 preferably OMe or OCH 2 Ph, and that R 6 and R g are H. 

[0011] If A is a single bond, then R 2 is preferably an aryl group, eg Ph, p-MeO-Ph, or an alkyl or alkaryl group which 
contains at least one double bond which forms part of a conjugated system with the double bond of the C-ring, eg 
CH=CH 2 , CH=CH-CH 3 . 

[0012] Compounds of the first aspect of the invention are preferably of formula la. 
45 [0013] If the compound of formula la or lb Is a dimer, the dimer bridge may be of the formula -0-(CH 2 ) p -0-, where 
p is from 1 to 12, more preferably 3 to 9. 

[0014] A second aspect of the present invention is a compound with the formula II: 
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R' 2 is selected from: O, CHR" 2 , where R" 2 is selected from H, R, C0 2 R, COR, CHO, C0 2 H, halo; 

R 6 , R 7 and Rg are independently selected from H, R, OH, OR, halo, amino, NHR, nitro, Me 3 Sn; 

where R is a lower alkyl group having 1 to 10 carbon atoms, or an aralkyl group (i.e. an alkyl group with one or 

more aryl substituents), preferably of up to 12 carbon atoms, whereof the atkyl group optionally contains one or 

5 more carbon-carbon double or triple bonds, which may form part of a conjugated system., or an aryl group, pref- 

erably of up to 1 2 carbon atoms: and is optionally substituted by one or more halo, hydroxy, amino, or nitro groups, 
and optionally containing one or more hetero atoms which may form part of, or be, a functional group; 
and R 8 is selected from H, R, OH, OR, halo, amino, NHR, nitro, Me 3 Sn, where R is as defined above or the 
compound is a dimer with each monomer being the same or different and being of formula II, where the R 8 groups 

to ol the monomers form together a bridge having the formula -X-R'-X- linking the monomers, where R is an alkylene 

chain containing from 3 to 12 carbon atoms, which chain may be interrupted by one or more hetero-atoms and/or 
aromatic rings, e.g. benzene or pyridine, and may contain one or more carbon-carbon double or triple bonds, and 
each X is independently selected from O, S, or N; or R 7 and R 8 together form a group -0-{CH 2 ) p -0-, where p is 1 
or 2: except that: 

15 

(i) when R' 2 is CH-Et. and R 6 , R 8 and R 9 are H : R 7 is not sibirosamine pyranoside; and 

(ii) when R' 2 is CH-Me, and R 6 and R 9 are H, R 7 and R 8 are not both H or both OMe, or OMe and OH respec- 
tively. II R is an aryl group, and contains a hetero atom, then R is a heterocyclic group, it R is an alkyl chain, 
and contains a hetero atom, the hetero atom may be located anywhere in the alkyl chain, e.g. -0-C 2 H 5: -CH 2 - 

20 S-CH 3 . or may form part of or be a functional group e.g. carbonyl, hydroxy. 

[001 5] R is preferably selected from a lower alkyl group having 1 to 1 0 carbon atoms, or an aralkyl group, preferably 
of up to 12 carbon atoms, or an aryl group, preferably of up to 1 2 carbon atoms, optionally substituted by one or more 
halo, hydroxy, amino, or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 
25 carbon atoms optionally substituted by one or moro halo, hydroxy, amino, or nitro groups. It is particularly preferred 
that R is an unsubstituted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 to 
4, carbon atoms, e.g. methyl, ethyl, n-propyl, n-butyl or t-butyl. 

[001 6] Alternatively, R 6 , R 7 and R 9 and, unless thecompounri is a dimer, R 8 may preferably be independently selected 
from R groups with the following stmctural characteristics: 



30 



. (i) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyl group; 

(iii) an ethenyl group conjugated to an electron sink. 

35 [0017] R' 2 is preferably O, CH 2 or CHCH 3 and more preferably CH 2 or CHCH 3 . 

[001 8] R 6 R 7 and R 9 and, unless the compound is a dimer, R 8 are preferably selected from H and OR and a halogen 
atom and more particularly H, OMe and OCH 2 Ph f and I. It is further preferred that R 7 and, unless the compound is a 
dimer R 8 are OR or a halogen atom, more preferably OMe 5 OCH 2 Ph or t, and that R 6 and R 9 are H. Most preferably 
R 8 is BnO. 

40 [0019] If the compound of formula tt is a dimer, the dimer bridge may be of the formula -0-{CH 2 ) p -0-, where p is 
from 1 to 1 2, more preferably 3 to 9, and most preferably 3 to 5. 
[0020] A third aspect of the present invention is a compound with the formula III: 



45 



50 



55 



(HI) 

y — in j 

wherein. 

R 6 , R 7 and Rg are independently selected from H, R, OH, OR : halo, amino, NHR, nitro, Mc 3 Sn; 

where R is a lower atkyl group having 1 to 10 carbon atoms, or an aralkyl group (i.e. an alkyl group with one or more 
aryl substituents). preferably of up to 12 carbon atoms, whereof the alkyl group optionally contains one or more carbon- 
carbon double or triple bonds, which may form part of a conjugated system, or an aryl group, preferably of up to 12 



*«»oo swjm* rnis best available copy 

BNSDOCID: <EP J IJKK'/OAZJ > 



10 



35 



EP1 193 270 A2 

carbon atoms; and is optionally substituted by one or more halo, hydroxy, amino, or nitro groups, and optionally con- 
taining one or more hetero atoms which may form part of, or be, a functional group; and R 8 is selected from H, R, OH, 
OR, halo, amino, NHR, nitro, Me 3 Sn, where R is as defined above or the compound is a dimer with each monomer 
being the same or different and being of formula III, where the R 8 groups of the monomer form together a bridge having 
the formula -X-R'-X- linking the monomers, where R* is an alkylene chain containing from 3 to 12 carbon atoms, which 
chain may be interrupted by one or more hetero-atoms and/or aromatic rings, e.g. benzene or pyridine, and may contain 
one or more carbon-carbon double or triple bonds, and each X is independently selected from O, S, or N; or R 7 and 
R 8 together form a group -0-(CH 2 ) p -0-, where p os 1 or 2; 
wherein at least one of R 6 , R 7 , R 8 and R 9 are not H; except that: 



(i) when R 6 and R 9 are H ; R 7 and R 8 are not both OMe, OMe and OBn respectively, or OMe and OH respectively; 
(it) when R 6 and R 7 are H, R 8 and R 9 are not Me and OH respectively; 

(iii) when three of R 6> R 7 , R 8 and R 9 are H, the other is not Me; 

(iv) when R 6 , R 7 , and R 8 are H, R 9 is not OMe; 

15 (v) when R 6 , R 8 and R 9 are H, R 7 is not OMe; and 

(vi) when R 6 , and R 9 are H and R 7 is OMe, the compound is not a dimer. 

[0021] If R is an aryl group, and contains a hetero atom, then R is a heterocyclic group. If R is an alkyl chain, and 
contains a hetero atom, the hetero atom may be located anywhere in the alkyl chain, e.g. -0-C 2 H 5 , -CH 2 -S-CH 3 , or 

20 may form part of or be a functional group e.g. carbonyl, hydroxy. 

[0022] R is preferably selected from a lower alkyl group having 1 to 1 0 carbon atoms, or an aralkyl group, preferably 
of up to 12 carbon atoms, or an aryl group, preferably of up to 12 carbon atoms, optionally substituted by one or more 
halo, hydroxy, amino, or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 
carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It is particularly preferred 

25 that R is an unsubstrtuted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 to 
4, carbon atoms, e.g. methyl, ethyl, n-propyl, n-butyl ort-butyl. 

[0023] Alternatively, R 6 , R 7 and R 9 and, unless the compound is a dimer, R 8 , may preferably be independently se- 
lected from R groups with the following structural characteristics: 

30 (i) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyt group; 

(iii) an ethenyl group conjugated to an electron sink. 



[0024] It is preferred that either: 



(i) only one of R 6 , R 7 , R 8 and R 9 is H; or 

(ii) at least one of R 6< R 7 , R 8> and R 9 is NH 2 ; or 

(iii) at feast one of R 6 , R 7 , R 8 and R<, is an aryl group, preferably of up to 12 carbon atoms, which is optionally 
substituted by one or more halo, hydroxy, amino, or nitro groups, and optionally contains one or more hetero atoms 

40 which may form part of, or be, a functional group. 

[0025] If onfy one of R 6 , R 7 , R 8 and Rq, it is further preferred that the A~ring substituents (i.e. those of Rg, R 7 , R 9 
and, unless the compound is a dimer, R 8 which are not H) are OR, and are more preferably selected from O Me, and OBn 
[0026] If at least one of R 6 , R 7 . R 8 and R 9 is an aryl group, preferably of up to 12 carbon atoms, which is optionally 
45 substituted by one or more halo, hydroxy, amino, or nitro groups, and optionally contains one or more hetero atoms 
which may form part of, or be, a functional group, it is further preferred that at least one of R 6 , R 7 , R 8 and R 9 . is a 
phenyl group optionally substituted by one or more melhoxy, ethoxy or nitro groups, although the nitro groups are less 
preferred. More preferably, the aryl group is selected from: Ph and p-MeO-Ph. 

[0027] If the compound of formula Ml is a dimer, the dimer bridge may be of the formula -0-(CH 2 ) p -0-, where p is 
so from 1 .to 12, more preferably 3 to 9. Also in this case, it is preferred that R 6 and R 9 are H, and R7 is an alkoxy or 
aryloxy group. 

[0028] A fourth aspect of the present invention provides a compound with the formula IV: 
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(IV) 

N 



R. O 



wherein: 



R 6 R 7 and Rg are independently selected from H, R, OH, OR : halo, amino, NHR } nitro, Me 3 Sn; 
where R is a lower alkyl group having 1 to 10 carbon atoms, or an aralky! group (i.e. an alky! group with one or 
is more aryl substituents), preferably of up to 12 carbon atoms, whereof the alkyl group optionally contains one or 

more carbon-carbon double or triple bonds, which may form part of a conjugated system, or an aryl group, pref- 
erably of up to 12 carbon atoms, and is optionally substituted by one or more halo, hydroxy, amino, or nitro groups, 
and optionally containing one or more hetero atoms which may form part of, or be, a functional group; 
R 8 " and R 8 M are either independently selected from K R or together form a cyclic amine; and n is from 1 to 7. 

[0029] If R 8 * and Fy iom\ a cyclic amine, then there is usually a single N atom in a ring which is otherwise carbocyclic 
and is preferably 5- or 6- membered and may be saturated or unsaturated. The ring may be fused to another nng 
system which may be aromatic, e.g. being a benzene ring. Thus for example the cyclic amine may be an indolyl or 
isoindotyl group. It is also possible that the cyclic amine contains one or more hetero atoms, in addition to N in the 
25 amine ring and/or in a fused ring and may also be substituted by one or more R groups. 

[0030] If R is an aryl group, and contains a hetero atom, then R is a heterocyclic group. If R is an alkyl chain and 
contains a hetero atom, the hetero atom may be located anywhere in the alkyl chain, e.g. -OC 2 H 5 , -CH 2 -S-CH 3 , or 
may form part of or be a functional group e.g. carbonyl, hydroxy. 

[0031 ] R is pref erabV selected from a tower alkyl group having 1 to 1 0 carbon atoms, or an aralkyl group, preferably 
30 oi up to 1 2 carbon atoms, or an aryl group, preferably of up to 12 carbon atoms, optionally substituted by one or more 
halo hydroxy, amino, or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 
carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It is particularly Purred 
thai R is an unsubstituted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 lo 
4. carbon atoms, e.g. methyl, ethyl, n-propyl, n-butyl or t -butyl. 
35 [0032] It may be preferred that one of R* 8 and R" 9 is a nitrogen protecting group, such as Fmoc. 

[0033] FU is preferably an electron donating group, and is more preferably of the formula OR; particularly preferred 
are the groups OMe, OEt. and OBn. The term 'electron donating group' means a moiety covalently attached to a 
compound which is capable of increasing electron density in other parts of the compound. 

[0034] In addition R 6 and R 9 are more preferably selected from H and OR; particularly preferred are OMe, OB and 

[0035] Alternatively, R 6 , R 7 and R 9 may preferably be independently selected from R groups with the following struc- 
tural characteristics: 

(i) an optionally substituted phenyl group; 
45 (ii) an optionally substituted ethenyl group; 

(iii) an ethenyl group conjugated to an electron sink. 

[0036] n is preferably 1 to 3, and more preferably 1 . 

[0037] A fifth aspect of the present invention is the use of a compound as described in the first, second, third or fourtn 
so aspects of the invention in a method of therapy. Conditions which may be treated include gene-based diseases, in- 
cluding for example, neoplastic diseases and Alzheimer's Disease, and also bacterial, parasitic and viral 'nfecHons. 
Any condition which may be treated by the regulation of gene expression may be treated using compounds of the 
invention In accordance with this aspect of the present invention, the compounds provided may be administered o 
individuals Administration is preferably in a "therapeutically effective amount", this being sufficient to show benefit to 
55 a patient Such benefit may be at least amelioration of at least one symptom. The actual amount administered, and 
rate and time-course of administration, will depend on the nature and severity of what is being treated. Prescription of 
treatment e g. decisions on dosage, is within the responsibility of general practitioners and other medical doctors. 
[0038] A compound may be administered alone or in combination with other treatments, either simultaneously or 
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sequentially dependent upon the condition to be treated. 

[0039] Pharmaceutical compositions according to the present invention, and for use in accordance with the present 
invention, may comprise, in addition to the active ingredient, i.e. a compound of formula la, lb, I!, HI or IV, a pharma- 
ceutical^ acceptable excipient, carrier, buffer, stabiliser or olher materials well known to those skilled in the art. Such 
materials should be non-toxic and should not interfere with the efficacy of the active ingredient. The precise nature of 
the carrier or other material will depend on the route of administration, which may be oral, or by injection, e.g. cutaneous, 
subcutaneous, or intravenous. 

[0040] Pharmaceutical compositions for oral administration may be in tablet, capsule, powder or liquid form. A tablet 
may comprise a solid carrier or an adjuvant. Liquid pharmaceutical compositions generally comprise a liquid carrier 
such as water, petroleum, animal or vegetable oils, mineral oil or synthetic oil. Physiological saline solution, dextrose 
or other saccharide solution or glycols such as ethylene glycol, propylene glycol or polyethylene glycol may be included. 
A capsule may comprise a solid carrier such a gelatin. 

[0041] For intravenous, cutaneous or subcutaneous injection, or injection at the site of affliction, the active ingredient 
will be in the form of a parenterally acceptable aqueous solution which is pyrogen-free and has suitable pH, isotonicity 
and stability. Those of relevant skill in the art are well able to prepare suitable solutions using, for example, isotonic 
vehicles such as Sodium Chloride Injection, Ringer's Injection, Lactated Ringer's Injection. Preservatives, stabilisers, 
butlers, antioxidants and/or other addilives may be included, as required. 

[0042] A sixth aspect of the present invention is a pharmaceutical composition containing a compound of any one 
of formulae la, lb, II, III, or IV as described above, and a pharrnaceutically acceptable carrier or diluent. The preparation 
of pharmaceutical compositions is described in relation to the fifth aspect of the invention above. 
[0043] A seventh aspect of the present invention provides the use of a compound of any one of formulae la, lb, II, 
III, or IV as described above to prepare a medicament for the treatment of a gene-based disease, preferably a prolif- 
erative disease. The compound of formula la, lb, II, III, or IV may be provided together with a pharrnaceutically accept- 
able carrier or diluent. The compounds may be used for the selective killing of oxic and hypoxic tumour cells in methods 
for the trealment of cancers, for example leukemias and particularly solid cancers including colon, CNS, renal, and 
lung tumours, including small cell lung carcinoma, and melanomas. In particular, dimers of formula II may be used for 
the selective killing of lung, colon, and CNS tumours and melanomas. The compounds of formula III and IV may be 
used selectively against melanomas. 

[0044] A further aspect of the present invention provides the use of a compound of any one of formulae la, lb, II, 111, 
or IV as described above to prepare a medicament for the treatment of a viral, parasitic or bacterial infection. The 
preparation of a medicament is described in relation to the fifth aspect of the invention above. 
[0045] In further aspects, the invention provides processes for preparing compounds according to the first, second, 
third and fourth aspects of the present invention. 

[0046] Aspects of the invention will now be further described with reference to the accompanying drawings in which: 

Figures 1 to 6a/b are synthesis routes for compounds of formula la of the present invention; 
Figures 7 to 1 4 are synthesis routes for compounds of formula II of the present invention; 
Figures 15 to 25 are synthesis routes for compounds of formula III of the present invention; 
Figure 26 is a synthesis route for a compound of formula IV; 

Figure 27 is a synthesis of an intermediate in the preparation of compounds of formula IV of the present invention; 
Figure 28 is a synthesis routes for compounds of formula IV of the present invention; and 
Figures 29 to 32 are graphs illustrating the cytotoxicity results of examples 5 to 8 respectively. 



45 



Preferred General Synthetic Strategies 

[0047] A key step in a preferred route to compounds of formula la, lb, II, III or IV is a cyclisation to produce the B- 
ring, involving generation of an aldehyde (or funclional equivalent thereof) at what will be the 11 -position, and attack 
thereon by the Pro-N10-nitrogen: 
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[0048] In this structure no C-ring substitution or unsaturate is shown. R 8 represents 0(CH 2 ) n CH 2 COR* 8 in conv 
pounds of formula IV. R 10 is a nitrogen protecting group, preferably with a carbamate functionality bonded to the nitrogen 
of the PBD The "masked aldehyde" -CPQ may be an aceta! or thioacetal (possibly cyclic), in which case the cychsation 
involves unmasking. Alternatively, the masked aldehyde may be an aldehyde precursor, such as alcohol -CHOH, in 
which case the reaction involves oxidation, e.g. by means of TPAP or DMSO (Swern oxidation). 
[0049] The masked aldehyde compound can be produced by condensing a corresponding 2-substituted pyrrolidine 
with a 2-nitrobenzoic acid: 
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[0050] The nitro group can Ihen be reduced to -NH 2 and protected by reaction with a suitable reagent, e.g. a chlo- 
rolormale which provides the removable nitrogen protecting group in the synthesis route. 

[0051] A process involving the oxidation-cyclization procedure is illustrated in scheme 1 (an alternative type of cy- 
clisation will be described later with reference to scheme 2). 





Scheme 1 
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T0052] The imine/carbinolamine bond in the PBD (A) can be unprotected by standard methods to yield the desired 
compound, e.g. if R 10 is Alloc, then the deprotection is carried out using palladium to remove the N1 0 protecting group, 
followed by the elimination of water to give the imine. 

[00531 Exposure of the alcohol (B) (in which the Pro-N10-nitrogen is generally protected as carbamate) to tetrapro- 
pylamrnonium perruthenale (TPAPyN-mothylmorpholine N-oxide (NMO) over A4 sieves results in oxidahon accompa- 
nied by spontaneous B-ring closure to afford the desired product. The TPAP/NMO oxidation procedure is found to be 
particularly convenient for small scale reactions while the use of DMSO-based oxidation methods, particularly Swern 
oxidation, proves superior for larger scale work (e.g. > 1 g). 

[0054] The uncyclized alcohol (B) may be prepared by the reaction of a nitrogen protection reagent of formula D. 
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15 



which is preferably a chloroformate or acid chloride, to a solution of the amino alcohol C, generally in solution, generally 
in the presence of a base such as pyridine (preferably 2 equivalents) at a moderate temperature (e.g. at 0°C). Under 
these conditions little or no O-acylation is usually observed. 

[0055] The key amino alcohol C may be prepared by reduction of the corresponding nitro compound E, by choosing 
a method which will leave the rest of the molecule intact. Treatment of E with tin (II) chloride in a suitable solvent, e.g. 
refluxing methanol, generally affords, after the removal of the tin salts, the desired product in high yield. 
[0056] Exposure of E to hydrazine/ Raney nickel avoids the production of tin salts and may result in a higher yield of 
C, although this method is less compatible with the range of possible C and A-ring substituents. For instance, if there 
is C-ring unsaturation (either in the ring itself, or in R 2 or R 3 ), this technique may be unsuitable. 
[0057] The nitro compound of formula E may be prepared by coupling the appropriate o-nitrobenzoy! chloride to a 
compound of formula F, e.g. in the presence of K 2 CO a at -25°C under a N 2 atmosphere. Compounds of formula F can 
be readily prepared, for example by olefination of the ketone derived from l-trans-hydroxy proline. The ketone inter- 
mediate can also be exploited by conversion to the enol Inflate for use in palladium mediated coupling reactions. 
[0058] The o-nitrobenzoyl chloride is synthesised from the o-nitrobenzoic acid (or atkyl ester after hydrolysis) of 
formula G, which itself is prepared Irom the vanillic acid (or alkyl ester) derivative H. Many of these are commercially 
available and some are disclosed in Althuis, T.H. and Hess, H.J., J. Medicinal Chem., 20(1), 146-266 (1977). 



Alternative Cyclisation (Scheme 2) 
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[0060] In scheme 1 , the final or penultimate step was an oxidative cyclisation. An alternative, using thioacetal cou- 
pling, is shown in scheme 2. Mercury-mediated unmasking causes cyclisation to the protected PBD compound (A). 
[0061] The thioacetal compound may be prepared as shown in scheme 2: the thioacetal protected C-ring [prepared 
via a literature method: Langlcy, D.R. & Thurston, D.E., J. Organic Chemistry, 52, 91-97 (1987)] is coupled to the o- 
nitrobenzoic acid (or atkyl ester after hydrolysis) (G) using a literature procedure. The resulting nitro compound cannot 
be reduced by hydrogenation , because of the thioacetal group, so the tin(ll) chloride method is used to afford the amine. 
This is then N-protected, e.g., by reaction with a chloroformate or acid chloride, such as 2,2,2-trichloroethylchlorofor- 
mate. 

[0062] Acetal-containing C-rings can be used as an alternative in this type of route with deprotection involving other 
methods, including the use of acidic conditions. 
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Dimer Synthesis (Scheme 3) 
[0063] 
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Schenie 3 

r00641 PBD dimers may be synthesized using the strategy developed for the synthesis of the protected PBD mon- 
Imei The synthesis routes Lstra.ed in scheme 3 show compounds when the dimer linkage . of the formula 
O-JchJ^ The step of dimer formation is normally carried out to forra a bis(nitro acid) Of. Th.s compound can then 
be treated as compound G in either scheme 1 or scheme 2 above. ^ . .. ... Xhi _ 

fo065] The bis(lo acid) G' may be obtained by nitrating (e.g. using 70% nftric acid) the b.s(carboxyhc actd) _Th.s 
can be synthesteed by alkylation of two equivalents of the relevant benzoic acid with the appropnate dnodoa kane 
under bast ndtns" Many benzoic acids'are commercially available and others can be ^^^^ 
methods Alternatively, the relevant benzoic acid esters can be joined together by a Mrtsunobo ethenfrcat.on with an 
appropriate alkanediol, followed by nitration, and then hydrolysis (not <h»trted) DOta sslum 
[0066? An alternative synthesis of the bi S (nitro acid) involves oxidation of theb^n.tro a,de W;^ 
'permanganate. This can be obtained In turn by direct nitration of the bis(aldehyde), ..g w h 70 ~ J» 
bis(aldehyde) can be obtained via the Mitsunobu elherilicalion of two equrvalents of the benzoic aldehyde w.lh 

loT 7 rTna^ 

which will form the A-ring, before joining the component which will form (he C-nng. 



Preferred Synthetic Strategies tor Compounds of formula la 



[0068] The synthesis route of scheme 1 is generally applicable to compounds of formula la. ._ oH 
0069 C2/C3 endo-unsaturated PBDs of formula la may be synthesised from their N1 0-carbarnate P olec ted pre- 
cursors. Typically, palladium catalysed remova. of an ally, carbamate may be used to 

without affecting the key C2-unsaturation. For example, if the N10-C11 im.ne/carbmolamme is protected by an Alloc 
group, the C2/C3-endo-unsaturation is maintained during the Alloc cleavage reaction. 
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[0070] The reduction of the nitrocompound E as shown in scheme 1 with tin (II) chloride in ret luxing methanol leaves 
the C2/C3-unsaturation unaffected. The hydrazine/Raney nicke! method would not be suitable due to the double bond^ 
[0071] The compound of formula F may be used in its TBDMS protected form, and therefore a deprotect>on step has 
to be included to produce the amino-alcohol compound E. ^ nM r>r\*i* 
[0072] The TBDMS ether, which is the product of the coupling of TBDMS protected compound with the appropr ate 
o-nitrobenzoyl cloride, can be treated with AcOH:THF:H 2 0 (3:1:1 ). TBAF was lound to be unsuitable for this transfor- 
mation due to the rapid degradation of reaction products. 

[0073] A class of requisite C-ring providing compounds F can be obtained as shown in scheme 4. 
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100741 Commercially available ,rans-4-hydroxy-L-pro!ine F8 can be N-a.loc protected to g.ve the ally I cart) .male £7 

which can then be esterified using standard conditions. Hydride reduction of the ester F6 furmshes 

TBDMS protection of the diet gives a silyl ether F4, which can then be oxidised, using e.ther Swern or TRAP oxidation. 

lo075r e Th m e^re e F3 3 can then undergo a Wittig reaction to yield a mixture o. the E/Z "^J^^SSS 
be converted lo the C2/C3-endo compound F1(.a) upon treatment with excess sodium hydnde. Patted "^Med 
cleavage ot the N-alloc prolecting group (Dangles O.; Guibe. F .; Balavoine, G .; Lav.elle, S.; Marquet, A., J. Org. Chem. 
1987, 52, 4984) yields the compound F(1a). 

Alternative route to compounds of formula la 

[0076] A more linear synthetic route to compound B of scheme 1 has been developed which enables larger scale 
production of the C2/C3-endo-unsatu rated PBDs, and is shown in scheme 5. 
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Scheme 5 

[0077] The silyl protecting group may be cleaved in good yield by treating B1 (la) with AcOH:THF:H 2 0 (3:1 :1). The 
ley C2/C3-endo-unsaturation present in 81 (la) may be introduced directly by performing the Horner-E 
on a ketone o. .ype B2. Unlike theprevious route (Scheme4). the addition ot extra NaH to ensuredou e-bond ™gra«on 
was no. necessary for this substrate. Sworn oxidation ot the secondary alcohol B3 may be j"""""*"^ 
B2.The carbamate protected aniline S3 may be prepared trom the nitrocompound M in two si ***** *ej*o 
group may be reduced to the aniline by employing the Raney nickei/hydrazine method because a >«™V™nd oMype 
85 lacks C2-unsa.uration. This method is more advantageous than the tin (II) chlor.de procedure smce the product* 
easier to isolate. The aniline 84 may then be N-carbamate protected in high yield without «gn*cant carbonate formation 

^^amlde of type B5 may be syn.hesised by coupling an acid chloride of type G to the key amine KEC5 
(Scheme 6). 
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Scheme 6 
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Overall, .his route has several advantages over the previous route which results >n the larger scafc p oduct.o of the 
C2/C3-endo-unsaturated PBDs. Firstly, catalytic hydrogenation of KEC4 allows large scale preparahon of key inter 
"edlte KECS Secondly, this more efficient nitro reduction step may be carried out on an «tcrmcd,a«e devo* of 

so excess sodium hydride is not necessary. This double-bond migration has also been observed by other workers 

SW key amino intermediate KEC5. The TBDMS ether KEC4 was prepared in an 
spending Alloc protected intermediate F4 (Scheme 4). Selective station of the 

using DBU as a si.y. transfer agent. The diol KEC3 was obtained from hydnde reducio ' JTJ 
was synthesised from carboxylic acid KEC1 . N-Cbz protection of /rans-4 hydroxy-L-prc ne (F4) was ac ^ le ^° y f ^' 
Tng aprocedure reported in the .iterature (Bridges, R. J.; Stanley, M. S, Anderson, M. W, Cotman, C. W., ChamberUm. 

"oo^ "S^JS^JU Protection during the synthesis routes se, out above, e.g. alcohols can be 
protected by using an acetate protecting group (see example 1(d)) 
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Further alternative route to compound of formula »a 



[0081] 
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Scheme 7 

[0082] The following route is particular* suited to a compound ot formula .a where A is a single £on* ■ 

Lljl group or contains a double bond which is conjugated to that in the C-ring. However, elements of the synthase 

Eld by rSen. wi, S h silica^ The /odium tetraborohydride. innia.ty. converts ££Z 
binolamine However, this species is very unstable and treatment with s,hca gel » suftoenl to provoke fragmentahon 
of the SEM protecting group accompanied by imine formation. 
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[0084] The SEM protected dnactams (O) we, prepared by Su^kianc I SHJe ^^^^Z 
Intermediate (P). The Suzuki reaction is particular^ useful as , «"*^^^2£ great diversity to be 
at the C2 position of the PBD In excess of 70 boronic aads are commercially intermediate 
Educed into the PBD system. Heck reactions can a.so be 

of pyridine. The kelone (O) was prepared from the secondary afcotol i P'~ ^ by a|cQho) 
methods involving TPAP or the Oess Martin reagent prov.de the ^tone .n equall y good yews y 
was obtained by selective removal of a TBDMS group of compound M n the presence ot the &bM P y 
X- The SEM group was installed by quenching .he N10 «^ «» I ^J^-^SU « ^3 
method and can be used to install related protecting groups dilactam (K) 

compound K interfering with the N.O protection step * ■ was pro ™* » * ™J£J£ methyLer. Tl» V 

5S!?*"The alternative synthesis routes are equally app.icabte to the synthesis of dimers. 
Preferred Synthesis Strategies for Com pounds ot formula II 

[0087] The synthesis route of scheme t is generally " "^^UI^J^ P*™- Typ- 

0088] C2-unsaturated PBDs of formula II may be synthesced from the.r N1 0 «^mate p.ot p r 
ca..y. palladium catalysed removal of an a«y. carbamate may be used to gar ™* £ X 2 " , ichloroethy. 

the key C2-unsaluration. Alternatively, cadmium-lead couple may be employed to cleave an Ni A 

carbamate from the protected PBD. rhloridc maintains the C2-unsatu- 

[0089] The reduction of the nitrocompound E as shown in scheme 1 wrth t.n (II) chlor.de ma.ma.ns 

ration, although isolating the aniline C from the .in salts ^ ^SSLn and lherefore a deprotecl ion step has 
[0090] The compound of formula F may be used .n rts TBDMS protected form, and thereto P 

to be included to produce the amino-alcohol compound E. TRDMS orotected compound with the 

[0091] The TBDMS ether of type E, which is the product of ™ S j£E£ to Unsuitable for 

appropriate o-nilrobenzoyl chloride, can be treated w,th AcOH.THF.H 2 0 (3.1 .1). TBAr was 

this transformation due to the rapid degradation of reaction products. 

[00921 C ring providing compounds F(ll) can be obtained as shown in scheme 8. 
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30 

f0093] Commercially available frans-4-hydroxy-L-proiine F8 can be N-alloc protected to give the altyl carbamate F7 
which can ihen be esterif ied using standard conditions. Hydride reduction of the ester F6 furnishes the diol F5. Selective 
TBDMS protection of the diol gives a silyl ether F4, which can then be oxidised, using either Swem or TPAP ox.dation, 

to provide the ketone F3. 0 
35 [0094] The C2-ole(inic funclionalily present in F2 may be introduced by performing the Wittig reaction on ketone iF3. 
Palladium-mediated cleavage of the N-alloc protecting group (Dangles O.; Guibe, F.; Balavoine, G.; Lav»elle, S.; Mar- 
quet, A.; J. Org. Chem. 1987, 52, 4984) yields compound F(ll). 
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Alternative route to compound C 
[0095] 
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Scheme 9 



POM, An route ,o compound C has been 

symnesised by forming the acid chloride of an N-Troc protected "J^^S^^ amin e S of type F(l.). 
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Alternative Route to compounds of formula II 



[0097] 





B(ll) 



Scheme 10 



[0098] A more linear synthetic route to compound B of scheme 1 has been developed which enables larger scale 
production of the C2-unsaturated PBDs, and is shown in scheme 10. TBAF-mediated cleavage of the TBDMS group 
may be used to produce B(ll) from B1(ll). The key C2-unsaturation present in B1 (II) may be introduced by performing 
the Wittig olefination reaction on a ketone of type B2. Swem oxidation of the secondary alcohol B3 may be used to 
furnish the ketone B2. The carbamate protected aniline B3 may be prepared from the nitro compound B5 in two steps. 
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Firstly the nitro group may be reduced to the aniline by employing the Raney nickel/hydrazine method because a 
compound of type B5 lacks C2-unsaturation. This method is more advantageous than the tin (II) chloride procedure 
since the product is easier to isolate. The aniline B4 may then be N-carbamate protected in high yield without sigmficant 
carbonate formation at the C2 oxygen. ;„ u-cr-c fo„o 

r00991 An amide of type B5 may be synlhesised by coupling an acid chloride of lype G to the key amine KEC5 (see 
scheme 6) Overall, this route has several advantages over the convergent route which allow larger scale products 
of the C2-unsaturated PBDs. Firstly, catalytic hydrogenation of KEC4 allows large scalepreparalion of key mtermed.ate 
KEC5 Secondly, the nitro reduction step may be carried out on an intermediate devoid of C2-unsaturation. Finally, the 
Wittig olcfination may be performed in the latter stages of the synthetic route where large scale limitations are tolerated. 
[01 00] In dimer synthesis, the routes set out above may be used in preference to those set out in the overall synthetic 
strategies. In particular, the nitrogen-protecting group may advantageously be a carbamate, as protecting groups of 
the type may be removed in the final step by a variety ol methods which, in general, do not alfect the key C2-unsatu- 



ration. 

General Experimental Methods 



[0101] Melting points (mp) were determined on a Gallenkamp P1384 digital melting point apparatus and are uncor- 
rected inlrared (IR) spectra were recorded using a Perkin-Elmer 297 spectrophotometer. 'H- and «C- NMR spectra 
were recorded on a Jeol GSX 270 MHZ FT-NMR spectrometer operating at 20»C +M-C. Chemical shifts are ^reported 
in pans per million (6) downfield from tetramethylsilane (TMS). Spin multiplicities are described as: s (singlet), bs (broad 
singlet) d (doublet), dd (doublet ol doublets), t (triplet), q (quartet), p (pentuplet) or m (mulliplet). Mass spectra (MS) 
were recorded using a Jeol JMS-DX 303 GC Mass Spectrometer (El mode: 70eV, source 11 7-147-C) Accurate mo- 
lecular masses (HRMS) were determined by peakmatching using perlluorokerosene (PFK) as an internal mass marker, 
and FAB mass spectra wore obtained from a glycerot/thioglycerot/trifluoroacctic acid (1:1:0.1) matrix with a source 
temperature of 18CC. Optical rotations at the Na-D line were obtained at ambient temperature us.ng a Perkin-Elmer 
141 Polarimeter. Analytical results were generally within + /-0.2% of the theoretical values. Flash chromatography was 
performed using Aldrich Hash chromatography "Silica Gel-60" (E. Merck. 230-400 mesh). Thin-layer chromatography 
(TLC) was performed using GF 2M silica gel (with fluorescent indicator) on glass plates. A.I solvents and reagents 
unless otherwise stated, were supplied by the Aldrich Chemical Company Ltd. and were used as supplied wilhout 
further purification. Anhydrous solvents were prepared by distillation under a dry nitrogen atmosphere in he presence 
of an appropriate drying agent, and were stored over 4A molecular sieves or sodium wire. Petroleum ether refers to 
the fraction boiling at 40-60°C. 

Examp les 

Example 1(a): Synthesis of the 2-Cyanomethyl PBD (10. S B-A67) (see Rgure 1) 
[0102] 



BnO 



MeO 




Synthesis of the Nitro Alcohol (3) 

[0103] A solution of the acid 1 (3.03 g, 10 mmol, 1 equiv) in freshly distilled CH 2 CI 2 (50 mL) was treated with oxatyl 
chloride (1.05 mL, 12 mmol, 1.2 equiv) under a nitrogen atmosphere and stirred. DMF (0.1 mL) was *dM-nd -Om 
solution effervesced. The reaction was allowed to stir overnight at RT. The following day the acid chlonde soMon was 
added dropwise over 2 hours to a stirrod mixture of the amine 2 (2.31 g, 10 mmol, 1 oquiv) and TEA (3.48 mL, 25 
mmol 2.5 equiv) in freshly distilled CH 2 CI 2 (30 mL) white the temperature was kept under 0»C, under a nitrogen at- 
mosphere. The reaction mixture was then allowed to warm to RT and stirred overnight. The solution was washed with 
NaHCO, (100 mL). saturated NH 4 CI (100 mL). H 2 Q (100 mL), brine (100 mL), dried (MgS0 4 ). filtered ,■ ^<^"«* 
in vacuo to give a brown oil which was purified by flash chromatography (Si0 2 . EtOAc) and provided the coupled 
compound 3 (3.24 g, 6.28 mmol, 62.8%) as a yellow glass: 1 H NMR (CDCI 3 . 270 MHz) rotamers: o -0.10 (s. 6H. S. 



20 



EP 1 193 270 A2 



(CH 3 ) 2 ). 0.80 (s. 9H, SiC(CH 3 ) 3 . 2.04-2.55 (m, 3H, 1 -H. OH). 3.05-4.60 (m. 9H -H. 1 r -H OMe. W +0£» (£ 
s 2H OBn) 6 78 and 6.85 (2xs. 1 H. 6-H). 7.27-7.47 (m. 5H, Ph). 7.73 and 7.76 (2xs. 1 H. 9-H); *C NMR (CDCI 3 27 0 
L£vJ5SS 5 4 18 2 25 7 25 8 36 3 56.6, 57.2. 62.6. 70.2. 71.3, 109.0. 109.4. 127*128.8. 135.2, 137.3. 147.9. 
IS 7. 1 66.6; iVo^Soy 3065 3033. 2951 , 2856, 2739. 2628, 1956, 1743. 1620, ™lf*™™™ 
336 1277. 221, 1075, 1051 , 1002, 914, 836, 779, 752, 697, 669, 650. 615; E.MS mft (re.at.ve , m ensrty) 5 6 (M 
0 6), 460 (29.8), 459 (92.6), 368 (7.9), 286 (49.6), 91 (1 00.0), 73 (9.5); FAB m/z (relative intensity) 517 [M* + 1 . 15.1), 
385 (9.2), 286 (19.3), 92 (9.3), 91 (100.0), 75 (14.0). 73 (42.2). 

Reduction to the Amino Alcohol (4) 

[0104J A solution of hydrazine (3.11 mL, 100 mmoi. 5 equiv) in MeOH (50 mL) was added dro pwis ;e to a rel luxing 
olutbn o. the nitro compound 3 (10.32 g. 20 mmoi, 1 equiv), antibumping granules and ^ 
(150 mL) After 1 hour at reflux TLC (Si0 2 . 5% MeOH-CHCI 3 ) revealed total consumption of starting matenal The 
was then treated with sufficient Raney Ni to decompose any unreacted hydrazine. After coohng o RfT the 
m,x.ure was filtered through Celite and the nitrate evaporated in vacuo. The resulting res.due was dissolved ^ GH^ 
POO ml), dried (MgSo/fi.tered and evaporated in vacuoto provide 4 (6.80 g 14 mmoi, 70%) « . P« -"J*"" 
carried through to the ncx, stage without purification: 'H NMR (CDCI 3 , 270 MHz) ro.amers^ -0£01 (« 6H, 8*0^). 
0 88 (br s. 9H, SiC<CH 3 ) 3 ), 1 .96-2.23 (m. 2H, 1-H), 3.44-4.48 (m. 12H, 11-H. 3-H, OMe. NH OH. fj*"^>£° 9 
(br s 2H. OBn), 6.25 and 6.27 (2xs. 1H, 6-H), 6.68 and 6.73 (2xs. 1 H, 9-H), 7.26-7.42 (m, 5H Ph , «C NMR I CDC1 3 . 
270 MHz): 6 -5 4, 1 8.2, 25.9, 35.7, 56.9, 57.2, 70.4, 70.7, 103.2, 112.9. 113.4, ?7 'J^J^I 43 117^55' 

141.6: IR (neat): 3356.80, 2930.13. 2857.36, 2247.82. 1622.19, 1514.60, 1463.60, 1408.95, 1261.43, 1176.55, 
1110.48 : 1003.88, 911.00. 836.61 , 778.15, 733.59, 697.72, 646.32. 

Synthesis of the Alloc Pro-MO-Protected C2-Alcohol (5) 

[01 05) A solution of ally, chloroformate (1 .54 mL, 1 4.48 mmoi, 1 .05 equiv) in freshly distilled CH 2 CI 2 (30 1 mL) was 
added dropwise to a stirred mixture of the amine 4 (6.70 g, 13.79 mmoi, 1 equiv), pyndine (2.45 mL 30.34 
equiv) in freshly dis.il.ed CH 2 CI 2 (200 mL), a. 0»C under a nitrogen atmosphere. The m.xture was all owec to warm at 
RT and stirred overnight. The following day TLC (Si0 2 . 5% MeOH-CHC. 3 ) revealed ton _ The — 

was washed with saturated CuS0 4 (1 00 mL). H 2 0 (1 00 mL). brine (1 00 mL). dned (MgS0 4 ) ^«JJ« 
/„ vacuo to give a dark yel.ow oil. Flash chromatography (Si0 2 , 30% EtOAc-pe.ro.eum ether) afford ,d the pure , Alloc 
compound s' ,6.70 9. 11 .75 mmol, 85.2%) as a yel.ow oil: >H NMR (CDC. a . 270 MHz) rotarners: 5 0.03 and 0JM M£ . 
rh *UCH H 0 89 (br s 9H SiC(CH,),), 1.99-2.40 (m, 2H. 1-H), 3.56 (br s, 4H, 11-H, 3-H), 3.79 (s, 3H ^uwiej 
H 05 ( 20 ( 3 m 2> 'lH 11a-H 4.38 s f H . t S , 4.58-4.62 (m, 3H. OH, Alloc,. 5,6-5.37 ■ J, 4H 

(m. 1H, Alloc). 6.80 ,s, 1H, 6-H), 7.30-7.48 (m. 5H. Ph). 7.80 (s, 1 H. » « o^pT? 128 6 132 5 
MHz) 8-55 - 5.4. 18.1.25.8.35.6,56.4.57.2.60.4.65.8.70.5,70.7, 106.4. 111.7, 116.4, 11 8^1277-1 28^6 132_b, 
136 3 144 3 1502 1538 169 4' IR (nea.): 3336. 3067, 2953, 2931. 2858, 1732, 1600. 1525. 1 464,1408 1327 
225 1175 U 21 1048 1028 1002. 937. 837, 812. 778. 744, 698, 671, 636. 608. 562; EIMS mtz (relative mtonrtfl 
W 35 0) 513^27.2;, 340 (19.3). 149 (24.3). 91 (24.1). 77 (16.4). 58 (33.0), 57 ,100.0). 44 ,27.2). 39 (39.8). 
[ap 3 D = -55.94° (c - 1.010. CHCI3). 

Oxidation to the C2-Ketone (6) 

[0106, A so.u.ion of DMSO (2.50 mL, 35.25 mmol, 3 equiv) in Ireshly distilled CH 2 CI 2 (20 

over 1 .5 hours to a stirred solution o. oxaly. chloride (8.81 mL of a 2M solution ,n CH 2 CI 2 , 7.6 2 mmo V5 eq uv) a. 
■55/-60»C (liquid ni.roqen/CHCI 3 ) under a nitrogen atmosphere. After 30m.nutes stirring at -55 C, a solution o the 
oat ov ^ »i'M u,u 3' v •„ n M*n mM added droowtee o the reaction mixture 

secondaiy alcohol 5 (6.70 g, 11 .75 mmof 1 equ.v) .n CH 2 CI 2 (150 mL) was aaaea aropw b . „ M 

over 1 5 h Following stirring at -55/-60°C for 45minutes the reaction was treated dropw.se w.th a solution Of TEA (11 ^14 
mL 79.90 mmot 08 equiv) in CH 2 C, 2 (50 mL) over a pertod o, 400,^ The •^^^'^f ^SS 
45minu«es a, -30°C and was then allowed to warm to RT. The reaction was then treated with bnn £ K ^ e«*d 
,o 0-C and ncidilied to P H=2 with concentrated HCI. The organic phase was washed with H 2 0 150 mL . bnn £50 
mLI dried (MqSOO filtered and evaporated in vacuo to give the ketone 6 as a dark orange o.l (6.18 g. 0.88 mmo 
S 7uHiS Pure by TLC (SiO,' 40% EtOAc-petroleum ether) to be carried through to the next stage w«h t 
lurther purification: <H NMR (CDC 3 , 270 MHz) rotarners: 5 0.04 and 0.05 (2xs, 6H. S<CH ) 2 ) 0.83 <s, M.^Wh). 
2.47-2.78 (m. 2H. 1-H), 3.66-4,0 (m. 8H. 3-H, OMe, 11-H. 11a-H). 4 62-4^, 2H Alloc) 4.80-6.40 (m 4H OBn 
A..OO), 5.88-6.03 (m. 1H. Alloc). 6.76 (s. 1H. 6-H). 7.27-7.49 (m. 5H. ^"£™;W'*f** J" 132 4 
NMR COCI 3 , 270 MHz): 5 -5.8, -5.7, 18.0.25.6. 25.7, 56.5. 65.8. 68.0. 70.7, ^ 
136 1 150 6 153.4. 208.9; IR (neat): 3510. 3332. 2957. 2870. 2740, 1959. 1 771 .1738, 1633. 1537. 1428. 1274, 1233. 
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1120 1029 844, 785. 700; EIMS m/z (relative intensity) 568 (M-. 90.6). 51 2 (28.7). 511 (79.8). 453 (1 2.1), 340 (38.6). 
298 (12.7). 282 (16.9), 172 (23.9), 91 (100.0). 41 (15.1); [uPV ^ ( c = 1010 ' CHCI 3>' 

Insertion of the C2-Cyanomethyl Group (7) 

[0107} Sodium hydride (0.70 g of a 60% dispersion inminulcseral oil, 1 7.60 mmol, 2.5 equiv) was stirred in petroleum 
ether for 10minutes. The suspension was allowed to settle and the solvent transferred under nitrogen from the flask 
via a double-tipped needle. The remaining residue was suspended in freshly distilled anhydrous THF (50 mL), cooled 
to 0°C and treated dropwise with a solution of the diethyl cyanomethylphosphonate (11 .14 mL. 79.90 mmol. 6.8 equw) 
in THF (60 mL) under a nitrogen atmosphere. The mixture was allowed to warm to RT and stir for 1 .5 h. After cooling 
to 0«C the reaction mixture was treated dropwise with a solution of the ketone 6 (1 1 .1 4 mL, 79.90 mmol, 6.8 equiv) in 
THF (40 mL) After stirring overnight TLC (SiO z , 30% EtOAc-pelroleum ether) revealed almost complete consumption 
of starting material. THF was evaporated in vacuoand the resulting residue treated with a saturated solution of NaHCOj 
( 1 00 mL) and EtOAc (100 mL). The aqueous layer was washed with EtOAc (1 00 mL) and the combined organic layers 
were then washed with H-0 (100 mL). brine (100 mL), dried (MgS0 4 ), tillered and evaporated in vacuo\o g.ve a brown 
g.ass which was subjected to Hash chromatography (Si0 2 , 30% EtOAc-petroleum ether) to provide the pure i cyano 
compound 7 (2.6 g, 4 40 mmol, 63%) as a yellow glass: 'H NMFt (CDCI 3 , 270 MHz): 8 0.03-0.09 (m. 6H, Si(CH 3 ) 2 , 
0 88 (m. 9H. SiC(CH 3 ) 3 ). 2.68-2.91 (m, 2H. 1-H), 3.12-3.13 (m, 2H, 12-H). 3.72-3.76 (m, 2H. 11-H). 3.82 (s, 3H, OMe , 
4.62-4.65 (m. 2H, Alioc), 4.75 (m, 1H, 11a-H). 5.19 (s. 2H, OBn), 5.22-5.39 (m, 2H, Alloc), 5 .88-6 .02 (m 1H Alloc) 
6 59 (s 1H 3-H), 6.68 (s, 1H. 6-H), 7.32-7.50 (m. 5H. Ph), 7.95 (s. 1H. 9-H). 8.72 (s. 1H. NH), ^ NMFt (CDCI 3 270 
MHz) 5 -5.4, 17.5. 18.1, 25.6-25.7, 34.0. 56.6, 59.8, 62.3. 65.8, 70.7, 106.1, 111.8. 114.0, 116.2, 118.1, 127.7-129.3, 
132 4 132 8 136 1 144 2 150.9, 153.4, 166.1; IR (neat): 3337, 3067, 3034, 2954, 2930, 2857, 2253, 1732, 1622. 
1599 'l524 1495, 1464, 1408, 1362, 1336. 1259. 1205, 1166. 1116, 1051, 1026, 992, 914, 839, 778, 735. 698, 647, 
EIMS m/z (relative intensity) 591 (M-. 20.1), 534 (15.0). 340 (67.5), 282 (20.9), 252 (25.6). 195 (32.4), 91 (100.0); 
HRMS m/z Calcd for 591 .2765 (C 32 H 41 N 3 0 6 Si). Found 591 .2758; laP D = -83.25° (c = 1.015, CHCI 3 ). 

Deprotected Alcohol (8) 

[01 08] Glacial AcOH ( 1 5 mL) was added to a stirred solution of the silyl ether 7 (2.1 0 g, 3.55 mmol) in THF (1 0 mL) 
and H.O (1 5 mL) The reaction mixture was allowed to stir at RT and monitored every hour by TLC (Si0 2 . 30 A EtOAc- 
petroleum ether). Over the course of 3 hours AcOH (10 mL) was added in two further portions. The mixture was stirred 
for a total of 4 hours at which time the reaction had gone to completion. The mixture was then cooled to 0 C and treated 
dropwise with a 1 0% solution of NaHCO a in H 2 0 (50 mL). The aqueous solution was extracted with EtOAc (3x20 mL) 
and the combined organic layers were washed with H a O (20 mL), brine (20 mL). dried (MgS0 4 ), filtered and evaporated 
in vacuo to give a yellow oil. Flash chromatography (Si0 2 . 5% MeOH-CHCL,) afforded the free alcohc^ 1 8 (T4C g 2 93 
mmol. 83%) as a yellow glass: >H NMR (CDCI 3 .270 MH2): 82.41-3.02 (m. 2H. 1-H). 3.13 (s, 2H. 12-H), 3.70-4.10 (m. 
6H. 11-H. OMe, OH), 4.61-4 64 (m, 2H, Alloc), 4.76 (m. 1H. 11a-H). 5.16 (s. 2H. OBn). 5.23-5.28 (rn 2H Alloc). 
5.876.02 (m, 1H, Alloc), 6.53 (s, 1H, 3-H), 6.78 (s. 1H, 6-H), 7.27-7.48 (m, 5H, Ph), 7.75 (sJH 9-H) 8^45 (s 1H. 
NH).'3C NMR (CDCI 3 . 270 MHz): 5 17.4. 34.8, 56.8, 61.5, 65.1, 65.9, 70.8, 106.9. 111 8. 114^ 116.1 118.2. 
127 7-129.1 132.1, 132.4. 136.0, 144.8, 151.1. 153.7, 167.3; IR (neat): 3340.3067, 2934, 2856. 2252 1732 1601 
1523 1455 1407. 1374, 1336, 1226, 1167, 1111. 1048, 1028, 996. 938, 869, 838.768. 745,698, 668, 636, 608, EIMS 
m/z (relative intensity) 477 (M-. 14.6), 340 (46.9), 282 (13.0), 91 (100.0); HRMS m/zCalcd for 477.1900 (C 26 H 27 N 3 O e . 
Found 477.1962; l«P D = -67.42" (c = 1 .068, CHCI 3 ). 

NIO-Protected Cyclized PBO (9) 

[0109] A solution of DMSO (0.75 mL, 10.55 mmol, 3.6 equiv) in freshly distilled CH 2 CI 2 (40 mL) was added dropwise 
at a rapid rate to a stirred solution ol oxalyl chloride (2.64 mL of a 2M solution in CH 2 CI 2 , 5.27 mmol, 1 .8 equiv) at -40/- 
50"C (liquid nitrogen/chlorobcnzene) under a nitrogen atmosphere. After Sminutes stirring at -45"C, a solution ot me 
primary alcohol 8 (1.40 g, 2.93 mmol, 1 equiv) in CH 2 C 2 (30 mL) was added dropwise to the reaction imxture over 
45minutes. Following stirring at -45*C for 45minutes the reaction was treated dropwise with a solution of TEA (1 .72 
mL 12 31 mmol, 4.2 equiv) in CH 2 CI 2 (20 mL) over a period of 30minutes. The mixture was stirred for a further 
40minutes at -45°C and was then allowed to warm to RT and diluted with 20 mL CH 2 CI 2 . The reaction was then cooled 
to 0°C and washed with IN HCI (200 mL). H 2 0 (100 mL), brine (100 mL), dried (MgS0 4 ). filtered and evaporated »n 
vacuo to give a yellow foam which was subjected lo flash chromatography (Si0 2 , 5% MeOH-CHCI 3 ) to prov* he 
pure ring closed compound 9 (0.95 g. 2.00 mmol. 68%) as a slightly yellow glass: ^H NMR {COC\, 270 MW 6 
2 69-3.14 (m, 2H, 1-H), 3.24 (s, 2H, 12-H), 3.84-3.98 (m, 6H. 11-H, OMe. OH), 4.46 (m, 2H. AHoc) , 5 .07-5 .1 8 (m^4H 
OBn Alloc),5.60-5.80 (m. 2H, Alloc, 11a-H), 6.74 (s. 1H. 3-H), 7.04 (s. 1 H. 6-H), 7.24-7.43 (m. 6H, Ph. 9-H) : "C NMR 
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<CDCL,270MHz):8 17.5. 36.5. 56.2.59.6, 66.9, 71.1 , 85.7. 111.0, 113.2. 114.7. 116.1. 118.3. 124.6. 127.3-1287 131.7. 

36 0 149 2 150.6. 163.6; IR (neat): 3396. 3089. 2938. 261 5. 2251 . 1707. 1602, 1513, 1432. 1308. 1219, 1113. 1045 
918 869 790. 735. 698, 648; EIMS m/z (relative intensity) 475 (M-. 34.2). 340 (25.4). 339 (35.0). 279 (10^ 134 
(10.6). 91 (100.0); HRMSm/zCalccl1or475.1743(C 26 H 25 N30 6 ). Found475.1883;[aP D =+101.46-(c = 1.030.CHCI 3 ). 

C2-Cyanomethyl PBD (10, SB-A67) 

[01 10] Triphenytphosphine (25 mg, 0 .095 mmol. 0.05 equiv), pyrrolidine (1 67 pi. 2.0 mmol. 1 .05 equiv) and WPhafc 
(56 mg 0 048 mmol. 0.025 equiv) were added sequentially to a stirred solution of the Alloc-compound 9 (900 mg, 1 .90 
mmol i equiv) in treshly distilled dry CH 2 CI 2 (1 00 mL). The reaction mixture was allowed to stir at RT under a n.trogen 
atmosphere for 2 hours by which time TLC (Si0 2 , 1% MeOH-CHCI 3 ) revealed reaction completion. The mixture was 
evaporated in vacuo and the residue applied to a gravity chromatography column (Si0 2 , 1% MeOH-CHCI 3 ) to isolate 
the PBD SB-A67 (720 mg. 1 .93 mmol, 100%) as a yellow glass; 'H NMR (CDCI 3 . 270 MHz); 3.05-3.40 (m, 4H. 1-H, 
12-H) 3 95 (s, 3H,OMe).4.38 (m, 1H, 11a-H). 5.21 (s. 2H,OBn), 6.84 (s, 1H, 6-H), 7.06 (s, 1H, 3-H). ^7-7.70 (m. 
6H Ph 9-H) 7 80 (d, 1H. 11a-H, J = 3 Hz), ,3 C NMR (CDCI 3 , 270 MHz): 8 17.4, 36.8, 53.9, 56.3,70.9, 111.7, 1115, 
112 8 116 0 118 7, 120.7, 127.1-128.7. 132.0. 136.0. 140.2, 148.3. 151.2. 161.8; IR (neat): 3353, 2931 . 2251 , 2222, 
1604'l508 1437 1247 1120 1000, 913, 874, 724, 697. 542: EIMS m/Z (relative intensity) 373 (M*~, 9.8), 371 (24.4), 
280 (12.5). 91 (100.0); HRMS m/z Calcd for 373.1426 (C^H^N^). Found 373.1364; [ap D = 254.5° (c = 1.045, 
CHCI 3 ). 

Example 1(b): Synthesis of the 2-Methoxycarbonvlmethyl PBD (24, SJG-245)(see Figure 2) 
[0111] 




(2S,4R)-A*-(Allyloxycarbonyl)-4-hydroxypyrrolidine-2-<arboxylic acid (12) 

[0112] A solution of allyl chloroformate (29.2 mL, 33.2 g, 275 mmol) in THF (30 mL) was added dropwise to . . sus- 
pension of frans-4-hydroxy-L-proline (11) (30 g, 229 mmol) in a mixture of THF (150 mL) and H 2 0 (150 mL) at 0 C 
(ice/acetone), whilst maintaining the P H at 9 with 4 N NaOH. After stirring at 0°C for 1 hour at pH 9, the aqueous layer 
was saturated with NaCI, and the mixture diluted with EtOAc (100 mL). The aqueous layer was se P ara ' ed ; h w ™ 
with EtOAc (1 00 mL) and the pH adjusted to 2 with cone. HCI. The resulting milky emulsion was extracted wrth EtOAc 
(2 X 1 00 mL), washed with brine (200 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to g.ve the allyl carbamate 
12 as a clear viscous oil (42.6 g. 87%,: l«P 0 = -62.1 • (c = 0.69, MeOH); 1 H NMR (270 MHz CDCfe ♦ DMSO-e%) 
(Rotamers) 5 5.98-5.81 (m, 1H. NC0 2 CH 2 CH=CH 2 ) , 5.40-5.14 (m, 2H. NC0 2 CH 2 CH,-CH 2 ). 4.M-4A2 m, 4H. 
NCO^CH-CH,, NCH 2 CHOHCH 2 and CHC0 2 H), 3.82-3.51 (m. 2H, NC^CHOHCH*), 2.34-2.08 MH 
NCH CHOHCH 2 ); «C NMR (67.8 MHz, CDCI 3 + DMSO) (Rotamers) 8 175.0 and («V ^ 1 55 A a nd154_6 
(NC=0) 132.9 and 132.8 (NC0 2 CH 2 CH=CH 2 ). 117.6 and 116.7 (NC0 2 CH 2 CH=CH 2 ). 69.5 anc ' 8 (NC^CHOH) 
65.9 and 05.3 (NC0 2 CH 2 CH=CH 2 ). 58.0 and 57.7 (CHC0 2 H), 55.0 and 54.5 <NCH 2 CHOH) 39* and SM 
(NCH 2 CHOHCH 2 ); MS (El), m/z (relative intensity) 215 (M~. 10) 197(12), 170 («0 ; . ^ « (24) ,130 
M-C0 2 C 3 H 5 , 97 , 126 (34). 112 (50). 108 (58). 86 (11), 68 (86). 56 (19); IR (Neat) 3500-2100 (br, OH . 2950, 1745 
and 1687 (br, C=0), 1435. 1415. 1346. 1262. 1207. 1174, 1133, 1082, 993, 771 cm \ exact masscated for C 9 H 13 NO s 
m/e 215.0794, obsd m/e 21 5.0791 . 

Methyl (2S,4R)-A»-(Anyloxycarbonyl)-4-hydroxypyrrolidine-2-carboxylate (13) 

[01 13] A catalytic amount of concentrated H 2 S0 4 (4.5 mL) was added to a solution of Alloc-hydroxyproline (12) (43 
q 200 mmol) in MeOH (300 mL) at 10»C (ice) and the reaction mixture was then heated at reflux lor 2 h. Alter cooling 
to room temperature the reaction mixture was treated with TEA (43 mL) and the MeOH evaporated m vacuo. The 
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residue was dissolved in DO Ac (300 ml_), washed with brine (200 ml_), dried (MgS0 4 ), filtered and concentrated in 
vacuo to give a viscous oil. Purification by flash chromatography (40% EtOAc/Petroleum Ether) removed the high R, 
impurity to provide the pure ester 13 as a transparent yellow oil (19.6 g. 43%): [ap D = -710° (c = 0.35. CHCy: 1 H 
NMR (270 MHz, CDCI 3 ) (Rotamers) 5 5.9B-5.78 (m, 1H, NC0 2 CH 2 CH=CH 2 ), 5.35-5.16 (m, 2H, NC0 2 CH 2 CH=CH 2 ), 
4.65-4.45 (m, 4H, NC0 2 CH 2 CH---CH 2> NCH 2 CHOHCH 2 and NCHC0 2 CH 3 ), 3.75 and 3.72 (s x 2, 3K OCH 3 ), 370-3.54 
(m, 2H, NCH^CHOHChl,), 3.13 and 3.01 (br s x 2, 1H, OH), 2.39-2.03 (m, 2H, NCH 2 CHOHCH ? ); 13 C NMR (67.8 MHz, 
CDCI 3 ) (Rotamers) 5 173.4 and 173.2 (C0 2 CH 3 ), 155.0 and 154 6 (NOO), 132.6 and 132.4 (NC0 2 CH 2 CH=CH 2 ), 
117.6 and 117.3 (NC0 2 CH 2 CH=CH 2 ), 70.0 and 69.2 (NCH 2 CHOH), 66.2 (NC0 2 CH 2 CH=CH 2 ), 57.9 and 57.7 
(NCHC0 2 CH 3 ), 55.2 and 54.6 (NCH 2 CHOH), 52.4 (OCH 3 ), 39.1 and 38.4 (NCH 2 CHOHCH 2 ); MS (El), m/z (relative 
inlensity) 229 (M + ", 7), 1 70 (M-C0 2 Me, 100), 144 (M- C0 2 C 3 H 5: 12), 126 (26), 108 (20), 68 (7), 56 (8); IR (Neat) 3438 
(br. OH). 2954, 1750 and 1694 (br, C-O), 1435, 1413, 1345, 1278, 1206, 1130, 1086, 994,771 cm 1 ; exact mass calcd 
lor C 10 H 15 NO 5 m/e 229.0950, obsd m/e 229.0940. 

(2S,4 ffy W-( Al ly lo xy c a r bony l)-4- hy droxy-2-( hy d roxymethy I) py rrolid Ine (1 4) 

[01 14) A solution ot the ester 13 (19.5 g, 85 mmol) in THF (326 ml_) was cooled to 0°C (ice/acetone) and treated 
with UBH 4 (2.78 g, 128 mmol) in portions. The reaction mixture was allowed to warm to room temperature and stirred 
under a nitrogen atmosphere for 2.5 hours at which time TLC (50% EtOAc/Petroleum Ether) revealed complete con- 
sumption of ester 13. The mixture was cooled to 0°C and water (108 ml_) was carefully added lollowed by 2 N HCI (54 
mL). After evaporation of the THF in vacuo, the mixture was neutralised to pH 7 with 10 N NaOH and saturated with 
solid NaCI. The saturated aqueous solution was then extracted with EtOAc (5 X 100 mL). the combined organic layers 
washed with brine (200 mL), dried (MgS0 4 ). filtered and evaporated in vacuo to furnish the pure diof 14 as a clear 
colourless oil (16.97 g, 99%): 

[a| 24 0 = -57.0* (c = 0.61 , CHCI 3 ); 1 H NMR (270 MHz, CDCl 3 ) 5 6.01 -5.87 (m, 1 H, NC0 2 CH 2 CH^CH 2 ), 5.36-5.20 (m, 
2H f NC0 2 CH 2 CH=CH 2 ), 4.84 (br s, 1H, NCHCW 2 OH), 4.60 (d, 2H, J= 5.31 Hz, NC0 2 CH 2 CH=CH 2 ), 4.39 (br s, 1H, 
NCHCK>OH), 4.18-4.08 (m, 1H, 3.35, NCH 2 CHOH), 3.90-3.35 (m, 4H, NCH 2 CHOH, NCK:H 2 OH, and OH), 3.04 (br 
s : 1H : OH), 2.11-2.03 (m, 1H, NCH 2 CHOHCH 2 ), 1 .78-1 .69 (m ( 1H. NCH 2 CHOHCA^); 13 C NMR (67.8 MHz, CDC! 3 ) 8 
157.1 (NC-O), 132.6 (NC0 2 CH 2 CH=CH 2 ), 117.7 (NC0 2 CH 2 CH=CH 2 ), 69.2 (NCH 2 CHOH), 66.4 and 66.2 
(NC0 2 CH 2 CH=CH 2 and NCHCH 2 OH), 59.2 (NCHCH 2 OH), 55.5 (NCH 2 CH0H), 37.3 (NCH 2 CHOH CH 2 ); MS (El) ; m/ 
z (relative intensity) 201 (M + \ 2), 170 (M-CH 2 OH, 100), 144 (M-OC 3 H 5 , 6), 126 (26), 108 (20) : 68 (9); IR (Neat) 3394 
(br. OH). 2946. 2870. 1679 (C=0) : 1413, 1339, 1194, 1126, 1054.980, 772 cm' 1 ; exact mass calcd forC g H 15 N0 4 m/ 
e 201. 1001, obsd m/e 201. 1028. 

(2S,4ff)-W-( Ally loxycarbonyl)-2-(fert-butyldimethy Is i!ytoxymethyl)-4-hydroxy pyrrolidine (15) 

[0115J A solution of the diol 14 (16.97 g, 64 mmol) in CH 2 CI 2 (235 mL) was treated with TEA (11.7 mL, 8.5 g, 84 
mmol) and stirred for 15minutes at room temperature. TBDMSCI (9.72 g, 64 mmol) and DBU (16.8 mmol, 2.51 mL, 
2.56 g) were added and the reaction mixture stirred for a further 1 6 hours under a nitrogen atmosphere. The reaction 
mixture was diluted with EtOAc (500 mL), washed with saturated NH 4 CI (160 mL), brine (160 mL), dried (MgS0 4 ), 
filtered and evaporated in vacuoto give an oil which was a mixture of the required product (major component); unreacted 
diol and the presumed disilyated compound by TLC (50% EtOAc/Petroleum Ether). Flash chromatography (20-100% 
EtOAc/Petroleum Ether) isolated the 3 components, to provide the monosilylated compound 15 as a slightly yellow 
transparent oil (13.85 g ; 52%): [aj 21 0 = -58.6 0 (c = 1 .14, CHCl 3 ) ; *H NMR (270 MHz, CDCI 3 ) (Rotamers) 6 6.01-5.86 
(m ; 1H, NC0 2 CH 2 CH-CH 2 ), 5.34-5.18 (m, 2H, NC0 2 CH 2 CH=CH>), 4.59-4.49 (m, 3H, NCO^H^CH-C^ and 
NCHCH 2 OTBDMS), 4.06-3.50 (m, 5H, NCH^CHOH, NCH 2 CHOH and NCHCW 2 OTBDMS), 2.20-2.01 (m, 2H, 
NCH 2 CHOHCH 2 ), 0.87 (s, 9H, SiC(CH 3 ) 3 ), 0.0 (S f 6H, Si(CH 3 ) 2 ); 13 C NMR (67.8 MHz, C0O 3 ) (Rotamers) 6 155.0 
(NC--0). 133.1 (NC0 2 CH 2 CH-CH 2 ), 117.6 and 117.1 (NC0 2 CH 2 CH=CH 2 ), 70.3 and 69.7 (NCH 2 CHOH), 65.9 and 
65.6 (NC0 2 CH 2 CH--CH 2 ), 63.9 and 62.8 (NCH CH 2 OTBDMS), 57.8 and 57.4 (NCHCH 2 OTBDMS), 55.7 and 55.2 
(NCH 2 CHOH). 37.3 and 36.6 (NCH 2 CHOHCH 2 ), 25.9 (SiC( CH 3 ) 3 ), 18.2 (SiC(CH 3 ) 3 ) f -5.5 (Si(CH 3 ) 2 ); MS (El), m/z 
(relative intensity) 316 (M 4 * + 1 . 29), 315 (M + *. 4), 300 (M-CH 3 , 26), 284 (4), 261 (8), 260 (50) : 259 (100), 258 (M-OC 3 W 5 
or M-'Bu. 100). 218 (13), 215(10), 214 (52), 200 (12), 170 (M-CH 2 OTBDMS, 100), 156 (40), 126 (58), 115 (33), 108 
(41), 75 (35); IR (Neat) 3422 (br, OH), 2954, 2858, 1682 (C=0), 1467, 1434, 1412 (SiCH^, 135B, 1330, 1255 (SiCH 3 ), 
1196. 1180, 1120, 1054, 995, 919, 837, 776, 669 cm* 1 ; exact mass calcd for C^H^NO^i m/e 31 5.1 866, obsd m/e 
315.1946. 
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(2S>A^(Allyloxycarbonyl)-2-(ferf-butyldimethylsilytoxymethyl)-4-oxopyrrolidine (16). 
Method A: 

5 [0116] A solution of DMSO (12.9 ml_, 14.3 g, 183 mmol) in CH 2 CI 2 (90 mL) was added dropwise to a solution of 
oxalyl chloride (45.1 mL of a 2.0 M solution in CH 2 C\ ?t 90.2 mmol) at -60°C {dry ice/acetone) under a nitrogen atmos- 
phere. After stirring at -70°C for 30minutes, a solution of the alcohol 15 (25.8 g, 81. 9 mmol) dissolved in CH 2 CI 2 (215 
mL) was added dropwise at -60°C. After 1 .5 hours at -70°C, the mixture was treated dropwise with TEA (57.2 mL, 41 .5 
g, 410 mmol) and allowed to warm to 10°C. The reaction mixture was treated with brine (150 mL) and acidified to pH 

10 3 with cone. HCI. The layers were separated and the organic phase washed with brine (200 mL), dried (MgS0 4 ), filtered 
and concentrated in vacuo to give an orange oil. Purification by flash chromatography (40% EtOAc/Petroleum Ether) 
furnished I he ketone 16 as a pale yellow oil (24.24 g, 95%): 

Method B: 

15 

[0117] A solution of the alcohol 15 (4.5 g ( 14.3 mmol) in CH 2 CI 2 (67.5 mL) was treated with CH 3 CN (7.5 mL), 4 A 
powdered molecular sieves (3.54 g) and NMO (2.4 g. 20.5 mmol). After 15minutes stirring at room temperature, TPAP 
(0.24 g, 0.7 mmol) was added to the reaction mixture and a colour change (green -> black) was observed. The reaction 
mixture was allowed to stir for a further 2.5 hours at which time complete consumption of starting material was observed 

2° by TLC (50% EtO Ac/Petroleum ether 40 °- 60°). The black mixture was concentrated in vacuoand the pure ketone 16 
was obtained by flash chromatography (50% EtOAc/Petroleum Ether) as a golden oil (4.1 g, 92%): [a] 22 D - +1.25 ° (c 
■ 10.0, CHCI 3 ); 1 H NMR (270 MHz. CDCI 3 ) (Rotamers) 5 6.0-5.90 (m, 1H, NC0 2 CH 2 CH-CH 2 ), 5.35-5.22 (m, 2H, 
NC0 2 CH 2 CH=CH 2 ) : 4.65-4.63 (m, 2H, NCO^H^ChUCHy, 4.48-4.40 (m, 1H, NCHCH 2 OTBDMS). 4.14-3.56 (m ? 4H, 
NCH^O and NCHCH^OTBDMS), 2.74-2.64 (m, 1H, NCH^OCH^), 2.46 (d, 1H, J= 18.69 Hz, NCH 2 C=OCH 2 ), 

25 0.85 (s, 9H, S\C{CH^ Z ). 0.0 (s, 6H, Si(CH 3 ) 2 ); 13 C NMR (67.8 MHz, CDCI3) (Rotamers) 8 210.1 <0=0), 154.1 (NO=0), 
132.7 (NC0 2 CH 2 CH-CH 2 ), 118.0 and 117.7 (NC0 2 CH 2 CH=CH 2 ), 66.0 and 65.8 (NC0 2 CH 2 CH-CH 2 ), 65.0 
(NCHCH 2 OTBDMS), 55.7 (NCHCH 2 OTBDMS), 53.6 (NCH 2 C=0), 40.8 and 40.1 (NCH 2 C=OCH 2 ), 25.7 (SiCtCH^), 
1 8. 1 (SiC(CH 3 ) 3 ), -5.7 and - 5.8 (Si(CH 3 ) 2 ); MS (CI), m/z (relative intensity) 31 4 (M+- + 1 , 1 00), 256 (M-OC 3 H 5 or M-<Bu, 
65); IR (Neat) 2930, 2858, 1767 (C=0), 1709 (NC-O), 1409 (SiCH 3 ), 1362, 1316, 1259 (SiCH 3 ), 1198, 1169, 1103. 

30 1016, 938, 873, 837, 778, 683 cm* 1 ; exact mass calcd for C 15 H 27 N0 4 Si m/e313.1710. obsd m/e313.1714. 

(2SW^(AHyloxycarbonyl)-2-(fe^butyldim 
(17). 

35 [01 18] Petroleum ether 40 o -60° (1 00 mL) was added to a sample of NaH (0.80 g of a 60% dispersion in oil, 20.12 
mmol) and stirred at room temperature under a nitrogen atmosphere. After 0.5 hours the mixture was allowed to settle 
and the Petroleum Ether was transferred Irom the flask via a double-tipped needle under nitrogen. THF (100 mL) was 
added to the remaining residue and the mixture was cooled to 0°C (ice/acetone). The cool solution was treated dropwise 
with a solution of melhyldiethylphosphonoacetate (3.69 mL, 4.23 g, 20.12 mmol) in THF (100 mL) under nitrogen. After 

40 1 hour at room temperature, the mixture was cooled to 0°C and treated dropwise with a solution of the ketone 16 (3.0 
g, 9.58 mmol) in THF (30 mL) under nitrogen. After 16 hours at room temperature, TLC (50% EtOAc/Petroleum Ether) 
revealed the complete consumption of ketone and further TLC (5% EtOAc/Petroleum Ether) revealed the formation of 
mainly the exo-product. The reaction mixture was cooled to 0°C (ice/acetone) and transferred via a double-tipped 
needle under nitrogen to another flask containing NaH (0.40 g of a 60% dispersion in oil, 10.1 mmol) at 0°C : freshly 

« washed as above. The reaction mixture was maintained at 0 "C, and after 40minutes TLC revealed the almost complete 
conversion to endo-product. The THF was evaporated in vacuo and the mixture partitioned between saturated NaHC0 3 
(100 mL) and EtO Ac (100 mL). The layers were separated and the aqueous layer exlracled with EtOAc (2 X 50 mL). 
The combined organic layers were washed with brine (100 mL), dried (MgS0 4 ), filtered and concentrated in vacuo to 
give an orange oil. Purification by flash chromatography (5% EtOAc/Petroleum Ether) furnished the endo-ester 17 

so (2.22 g, 63%): [af^ D = -97.7 0 (c= 2.78, CHCI 3 ); 1 H NMR (270 MHz, CDCl 3 ) (Rotamers) 5 6.47 and 6.42 (br s x 2, 1 H, 
NCH^CCH 2 C0 2 CH 3 ), 5.98-5.86 (m, 1H. NC0 2 CH 2 CH^CH 2 ), 5.31 (d, 1H, J= 16.85 Hz, NC0 2 CH 2 CH=CH2) t 5.22 (d, 
1H, J= 10.62 Hz, NC0 2 CH 2 CH=CH 2 ), 4.65-4.49 (m, 2H, NCO^HjCH^H^, 4.37-4.18 (m, 1H, NCHCH 2 OTBDMS), 
3.76-3.69 (m, 5H, NCHC H 2 OTB DM S and C0 2 CHj), 3.09 (br s : 2H t NCH=CCH^C0 2 CH 3 ), 2.86-2.80 (m, 1H, 
NCH-CCH 2 C0 2 CH 3 CH 2 ), 2.59 (d, 1H, J - 17.40 Hz, NCH=CCH 2 C0 2 CH 3 CH 2 ), 0.87 {s, 9H, SiCfCH^), 0.04 and 

55 0.03 (s x 2, 6H, S\(CHJ 2 )\ 13 C NMR (67.8 MHz, CDCI 3 ) (Rotamers) 5 171.2 (C0 2 CH 3 ), 151.9 (NC^O), 132.8 
(NC0 2 CH 2 CH=CH 2 ), 127.1 and 126.4 (NO-bCCH 2 C0 2 CH 3 ), 118 0 and 117.7 (NC0 2 CH 2 CH=CH 2 ). 114.6 
(NCH=OCH 2 C0 2 CH 3 ), 65.9 (NC0 2 CH 2 CH=CH 2 ), 63.4 and 62.6 (NCHCH 2 OTBDMS), 59.0 and 58.7 
(NCHCH 2 OTBDMS), 51 .9 (C0 2 CH 3 ), 36.0 and 34.8 (NCH=CCH 2 C0 2 CH 3 CH 2 ), 34.2 and 33.9 (NCH-CCH 2 C0 2 CH 3 ), 
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25.8 (SiC(CH 3 ) 3 ), 1 8.2 (SiQCHJa), -5.4 and -5.5 (Si(CH 3 ) 2 ); MS (El), m/s (relative intensity) 369 (M + \ 58), 354 (28), 
326 (31), 312 (M-OC 3 H 5 or M- l Bu, 100), 268 (80), 236 (21), 227 (86), 210 (22), 192 (22), 168 (93), 152 (55), 138 (22), 
120 (79), 89 (70), 73 (75); IR (NEAT) 3086.. 2954 : 2930, 2885, 2857, 1744. 1 709. 1670 : 1463. 1435, 1413, 1362, 1337, 
1301, 1253, 1195, 1107, 1064, 1014. 983, 937, 887, 838, 778, 758, 680, 662 555 cm* 1 ; exact mass calcd for 
5 C 1B H 31 N0 5 Si m/e 369.1 972, obsd m/e 369. 1868. 

(2 S)-2-(fe^buty Id i methyls Hyloxyme^ (18) 

[0119] A catalytic amount of PdC! 2 (PPh 3 ) 2 (84 mg, 0. 1 2 mmol) was added to a stirred solution of the allyl carbamate 
10 17 (1 .10 g, 2.98 mmol) and H 2 0 (0.32 mL, 1 7.8 mmol) in CH 2 CI 2 (36 mL). After 5minutes stirring at room temperature, 
Bu 3 SnH (0.89 mL, 0.96 g, 3.30 mmol) was added rapidly in one portion. A slightly exothermic reaction with vigorous 
gas evolution immediately ensued. The mixture was stirred for 16 hours at room temperature under nitrogen at which 
time TLC (50% EtOAc/Petroleum Ether) revealed the formation of amine along with the complete consumption of 
starting material. After diluting with CH 2 CI 2 (30 mL), the organic solution was dried (MgS0 4 ), filtered and evaporated 
is in vacuo to give an orange oil which was purified by flash chromatography (50% EtOAc/Petroleum Ether) to afford the 
enamine 18 as a slightly orange oil (0.57 g, 67%): 1 H NMR (270 MHz, CDCI 3 ) 6 7.53 and 7.48 (or s x 2, 1H, 
NCH=CCH 2 C0 2 CH 3 ), 4.35-4.13 (m, 1H, NCHCH 2 OTBDMS), 3.82-3.17 (m, 7H, NCH=CCH 2 C0 2 CH 3 , 
NCHCtf 2 OTBDMS and CC^CHj), 2.64-2.04 (m, 2H, NCH=CCH 2 C0 2 CH 3 Ctf 2 ), 0.90-0,88 (m, 9H, SiC(CH 3 ) 3 ), 
0.O9-0.0O (m : 6H, Si(CH 3 ) 2 ); MS (El), m/z (relative intensity) 285 (M"*', 1), 270 (M-CH 3 , 7), 254 (6), 242 (4), 230 (6), 
20 228 (M-'Bu, 100), 212 (4), 196(3), 168 (13) f 115(3), 89 (10), 80 (4), 73 (13); MS (Cl) : mfz (relative intensity) 342 (M + * 
+57, 7) t 302 (M^- +17, 7), 286 (M + - +1, 100), 228 (M-<Bu, 100). 

(2S)-A/-(4-Benzyloxy-5-methoxy-2-nitrobenzoyl)-2-(ferf-butyldimethylsily!oxymethyl)- 
4-(methoxycarbonylmethyl)-2 t 3-dihydropyrrole (1 9). 

25 

[0120] A catalytic amount of DMF (2 drops) was added to a stirred solution of the acid 1 (0.506 g, 1.67 mrnol) and 
oxalyl chloride (0.1 7 mL, 0.25 g, 1 .98 mmol) in CH 2 CI 2 (33 mL). After 1 6 hours at room temperature the acid chloride 
solution was added dropwise to a stirred mixture of the enamine 18 (0.524 g, 1 .84 mmol) and TEA (0.47 g, 0.65 mL, 
4.60 mmol) in CH 2 CI 2 (12 mL) at 0°C (ice/acetone) under a nitrogen atmosphere. The reaction mixture was allowed 

30 to warm to room temperature and stirred for a further 2.5 h. The mixture was diluted with CHgC^ (50 mL), washed with 
saturated NaHC0 3 (50 mL), saturated NH 4 CI (50 mL). H 2 0 (50 mL). brine (50 mL), dried (MgS0 4 ), filtered and evap- 
orated in vacuo to give the crude product as a dark orange oil. Purification by flash chromatography (25% EtOAc/ 
Petroleum Ether) isolated the pure enamide 19 as an orange oil (0.55 g, 58%): 1 H NMR (270 MHz, CDCI 3 ) 8 7.77 (s, 
1H arom ), 7.45-7.28 (m, 5H arom ), 6.81 (s, 1H ;iro J, 5.80 (s, 1H, NCH-CCH 2 C0 2 CH 3 ), 5.22 (s t 2H, PhOHp), 4.76-4.64 

35 (m, 1H, NCHCH 2 OTBDMS), 3.97 (s, 3H, OCH^), 3.72-3.66 (m, 5H, NCHCH^OTBDMS and C0 2 CH^ 3.02 (s. 2H, 
NCH^CCH^0 2 CH 3 ) t 3.01 -2.63 (m, 2H, NCH= CCH 2 C0 2 CH 3 CH 2 ), 0.90 (s, 9H, SiC(CH 3 ) 3 ), 0.11 (s, 6H t Si(CH 2 ) 2 ); 13 C 
NMR (67.8 MHz, CDCI 3 ) 5 170.7 (C0 2 CH 3 ), 154.6 (NG=0), 148.3 (C aro J, 137.6 (C arom ), 135.2 (C arom ), 128.8, 128.5 
and 127.6 (BnC-H arom ), 126.7 (C arom ). 126.1 (NCH^CCH^C^CHj), 118.8 (NCH=(XH 2 C0 2 CH 3 ), 109.9 (C-H Bro J, 
109.0 (C-H arom ), 71 .3 (PhCH 2 0), 60.7 (NCHCH 2 OTBDMS), 59.0 (NCHCH 2 OTBDMS), 56.7 (OCH 3 ), 52.0 (C0 2 CH 3 ), 

*0 35.1 (NCH=CCH 2 C0 2 CH 3 ), 33.8 (NCH=CCH 2 C0 2 CH 3 CH 2 ), 25.8 (SiC(CH 3 ) 3 ), 18.2 (SiC(CH 3 ) 3 ), -5.3 and -5.4 (Si 
(CH 3 ) 2 ). 

(2S)-/^4-Benzyloxy-5-methoxy-2-nitrobenzoyl>-2- (hydros 
2,3-dihydropyrrole (20). 

45 

[0121] A solution of the silyl protected compound 274 (0.45 g, 0.79 mmol) in THF (8 mL) was treated with H 2 0 (8 
mL) and glacial acetic acid (24 mL). After 5 hours stirring at room temperature TLC (50% ElO Ac/Petroleum Ether) 
showed the complete consumption of starting material. The mixture was carefully added dropwise to a stirred solution 
of NaHC0 3 (64 g) in H 2 0 (640 mL) and extracted with EtO Ac (3 X 1 00 mL). The combined organic layers were washed 

so with H 2 0 (100 mL), brine (1 00 mL), dried (MgS0 4 ), filtered and concentrated in vacuoXo give the crude product as an 
orange glass. Purification by flash chromatography (80% EtOAc/Petroleum Ether) furnished the pure alcohol 20 as a 
light orange glass (0.35 g, 98%): 1 H NMR (270 MH* ( CDCI 3 ) 5 7.78 (s, 1H aroni ) ( 7.48-7.33 (m, 5H 8rom ), 6.86 (s, 1 H arom ) : 
5.82 (s, 1H, NCH=CCH 2 C0 2 CH 3 ), 5.22 (s, 2H, PhCH^O), 4.81-4.71 (m, 1H, NCHCH 2 OH), 3.98-3.92 (m, 5H, 
NCHCH 2 OH andOCH 3 ), 3.72 (s, 3H, C0 2 CH 3 ) r 3.1 0-2.22 (m, 3H, NCH-CCH2C0 2 CH 3 and NCH-CCH 2 C0 2 CH 3 CH 2 ), 

55 2.50-2.35 (m, 1H. NCH=CCH 2 C0 2 CH 3 C^) ; ™C NMR (67.B MHz, CDCI 3 ) 5 170.6 (C0 2 CH 3 ), 154.8 (NC^O), 148.5 
(Carom). 137.5 (C arom ), 135.1 (C arom ), 128.9, 128.6 and 127.6 (BnC-H atom ), 126.2 (NCH=CCH 2 C0 2 CH 3 ), 1194 
(NCH=CCH 2 C0 2 CH 3 ), 109.8 (C-H ororo ), 109.0 (C-H aro J, 71.4 (PhCH 2 0), 61.5 (NCHCH 2 OH), 61.4 (NCHCH 2 OH), 
56.8 (OCH 3 ), 52.1 (C0 2 CH 3 ), 35.6 (NCH=,CCH 2 C0 2 CH 3 ), 33.5 (NCH=CCH 2 C0 2 CH 3 CH 2 ); MS (El), nVz (relative in- 
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tensity) 456 (W, 7), 286 (M-NCHC=CH 2 C0 2 CH i CH z CHCH 2 OH, 25), 270 (NCHC=CH 2 CO 2 CH 3 CH 2 CHCH 2 0H, 6), 
91 (PhCH 2 , 100), 80 (6); exact mass calcd tor C^H^Og m/e 456.1533. obsd m/e 456. 1557. 

(2S)-AA(2-Amino-4-benzyloxy-5-methoxybenzoyl)-2-(hydroxymethyl)-4-(meth 
2,3-dihydropyrrole (21). 

[0122] A solution of the nitro-alcohol 20 (0.35 g, 0.77 mmol) and SnCI^^O (0.87 g, 3.86 mmol) in methanol (16 
mL) was heated to reflux and monitored by TLC (90% CHCl^MeOH). After 1 hour the MeOH was evaporated m vacuo 
and the resulting residue cooled (ice), and treated carefully with saturated NaHC0 3 (65 mL). The mixture was diluted 
with EtO Ac (65 mL), and after 1 6 hours stirring at room temperature the inorganic precipitate was removed by filtration 
through celite The organic layer was separated, washed with brine (100 mL), dried (MgS0 4 ) r filtered and evaporated 
in vacuo to give the crude amine 21 as a pale orange glass (0.29 g, 88%) which was carried through to the next step 
without further purification or analysis due to the instability of the amine. 

(2S)-N-l(2-AI!yloxycarbonylaminoH-benzyloxy-5-methoxybenzoyl]-2-(hydroxymethy1)- 
4-(methoxycarbonylmethyl)-2,3-dihydropyrrole(22) 

[0123] A solution of the amino-alcohol 21 (0.29 g, 0.68 mmol) In CH 2 CI 2 (12 mL) was cooled to 0°C (ice/acetone) 
and treated with pyridine (0.11 mL, 0.11 g. 1-39 mmol). A solution of ally! chloroformate (79 uX, 90 mg, 0.75 mmol) in 
CH 2 CI 2 (10 ml) was then added dropwise to the stirred mixture. The reaction mixture was allowed to warm to room 
temperature and stirred for a further 2.5 h, at which point TLC (EtOAc) revealed complete consumption of the amine 
21. The mixture was diluted with CH 2 CI 2 (30 mL) and washed with saturated CuS0 4 (20 mL), H z O (20 mL), bnne (20 
mL), dried (MgSOJ. filtered and evaporated in vacuo. The crude residue was purified by flash chromatography (70% 
EtOAc/Petroleum Ether) to afford the pure alloc-amino compound 22 as a colourless glass (0.14 g, 40%): H NMR 
(270 MHz, COCI 3 ) S 8.58 (br s, 1H, NH), 7.88 (br s, lH arom ), 7.50-7.29 (m, 5H arom ). 6.83 (s, lH OTm ), 6.42 (br s, 1H, 
NCH-CCH ? C0 2 CH 3 ), 6.03-5.89 (m, 1H, NC0 2 CH 2 CH-CH 2 ), 5.39-5.22 (m, 2H, NCOfcCHgCH-C^). 5.18 (s, 2H, 
PhCH 2 0) 4.77.4.73 (m, 1 H, NCHCH 2 OH) t 4.65-4.62 (m, 2R NCO^CH^CH,), 4.32-3.84 (m, 5H, NCHCHOH and 
OCH,) 3.69 (s. 3H, C0 2 CH 3 ), 3 09 (s, 2H, NCH=CCH 2 CC 2 CH 3 ), 3.05-2.95 (m, W, NCH^CCH 2 C0 2 CH 3 C^) ; 2.35 
(dd 1H J * 3 76. 16.72 Hz, NCH=CCH 2 C0 2 CH 3 CH 2 ) ; 13C NMR (67.8 MHz, CDCI 3 ) * 170.6 (C0 2 CH 3 ), 167.4 
(NfcO^, 153.5 (N^^). 151.1 (C arom ), 144.4 (C arom ). 136.1 (C aro J, 1326 (P J 132.4 
(NCOoCHoCH=CH 0 ), 128.6. 128.1 and 127.7 (BnOH arom ). 118.5 <NCH=OCH 2 C0 2 CH 3 ), 118.2 <NC0 2 CH^H=CH 2 , 
112 1 (C-H J 106.3 (C H arom ), 70.7 (PhCH 2 0), 66.5 (NCHCH 2 OH), 65.9 (NC0 2 CH 2 CH^CH 2 ), 61 .9 (NCHCH 2 OH), 
56 7 (OChT 52 1 (C0 2 CH 3 ). 35.6 (NCH,CCH 2 C0 2 CH 3 ), 33.6 (NCH=CCH 2 C0 2 CH 3 CH 2 ) ; MS (FAB), m/z (relate 
intensity) 618 (M- > Thioglycerol, 2), 511 <M- 1 1 , 5), 510 (M-. 1 J, 340 (M-NCH=CCH 2 C0 2 CH 3 CH 2 CHCH 2 OH, 20), 
300 (3), 282 (14), 256 (7), 192 (6), 171 (16), 149 (22), 140 (12), 112 (4), 91 (PhCH 2 , 100), 80 (6), 65 (1), 57 (3). 

(1 1 S ; 1 1 a SH 0- Al ly loxycarbo ny ^ 

tetrahydro-5/f pyrrofo[2,1-c][1 ,4]benzodiazepin-5-one (23). 

[0124] A solution of the alcohol 22 (0.1 4 g, 0.28 mmol) in CH.Cl^CN (1 2 mL. 3; 1 ) was treated with 4 A powdered 
molecular sieves (0.15 g) and NMO (49 mg, 0.42 mmol). After 15minutes stirring at room temperature TPAP (4.90 
mg 14 jimol) was added and stirring continued for a further 1 hour 30minutesutes at which point TLC (80 A> EtOAc/ 
Petroleum Ether) showed product formation along with some unoxidised starting material . The mixture was then treated 
with a further quantity of NMO (49 mg, 0.42 mmol) and TPAP (4.9 mg, 14 jimol), and allowed to st.r for a further 0.5 
hours when TLC revealed reaction completion. The mixture was evaporated in vacuo onto silica and subjected to flash 
chromatography (60% EtOAc/Petroleum Ether) to provide the protected carbinolamine 23 as a colourless glass (39 
mg, 28%): <H NHR (270 MHz. COCI 3 ) 5 7.43-7.25 (m, 6H arom ), 6.90 (br s : lH arom ) : 6.74 (s, 1 H, " CH ^ C "£°f"£ 
579-5.64 (m, 1H, NC0 2 CH 2 CH=CH 2 ), 5.77 (d, 1H, J= 10.26 Hz, NCHCK)H) : 5.19-5.06 (m, 4H. NC °2^H-^ 
and PhCH>0), 4.64-4.45 (m. 2H, NC0 2 CH 2 CH=CH 2 ), 4.1 8-3.83 (m. 4H, OCH 3 and NCHCHOH), 3.71 (s, 3H °°2™3)> 
3 19 (s, 2H, NCH=CCH 2 C0 2 CH 3 ) t 3.09 (dd, 1H, J- 11.09, 16.70 Hz, NCH^CCH 2 C0 2 CH 3 CH 2 ), 2.74 (d, 1H, J= 17 03 
H7 NCH-CCHoCOoCH 3 CH 2 ); «C NMR (67.8 MHz, CDCI 3 ) S 170.7 (C0 2 CH 3 ) ; 163.3 (NC=O orTljdc ), 155* 
(NC-O ca ^ 

H arora ), 126.2 (NCH.CCH 2 C0 2 CH 3)l 125.1 (C arom ), 118.1 (NC0 2 CH 2 CH=CH 2 ), ""^/^W^^J 
(C-H arc J. 111.0 (C-H aro J, 85.9 (NCHCHOH), 71.1 (PhCH.O), 66.8 (NC0 2 CH 2 CH^CH 2 ), 59.5 (NCHCHOH), 56.2 
OCH 3 ) 52.1 ( C0 2 CH 3 ), 37.0 (NCH,CCH 2 C0 2 CH 3 ), 33.7 (NCH=CCH 2 C0 2 CH 3 OI 2 ); MS (El), rn/z (nrtalfce intewrty) 
508 (M- 16), 449 (3). 422 (3), 404 (2), 368 (3), 340 (19). 324 (2), 282 (6), 255 (2), 225 (1), 206 (2), 192 (3), 169 (4). 
15? (2), 140 (10), 131 (5), 108 (5), 91 (PhCH 2 , 100), 80 (9), 57 (9); IR (NUJOLSD) 3600-2500 (br, OH), 2924 ^ 285 ^ 
2360 1715, 1602. 1514. 1462, 1377, 1271. 1219, 1169. 1045. 722. 699; exact mass calcd for C„H 2B H 2 O b m/e 
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508.1846, obsd m/e 508.1 791 

(11S.11aS)Mimi1aS)-8-Benzy^ 
pyrrolol2,1-cl[1 ,4]benzodiazepin-5-one (24, SJG-245). 

,01251 Acataly.icamountof.e.rakisllr^ 

lithe Alloc-protected carbinolamine 23 (88 mg, 0.17 mmol), triphenylphosphme (2.27 mg, B 65 M" 1 ^"^^! 
? o rrin ch n (15 mil After 2 hours stirring at room temperature under a n.trogen atmosphere. TLC 
Z"%ol IZI^^TSSL consumption o. staring materia.. The solvent was ev = 
ZilZleTuZLd was purified by .lash chromatography (60% EtOAc/Petroleum Ether) to afford the nove 
PBD (SJG 245) as a co.our.ess ghu '54 mg, 77%) which was repeatediy evaporated ,„ «^ C «V" <fg J 
provide the N10-C11 imine term 24: 'H NMR (270 MHz, CDCI 3 ) (.mine) 5 J 80 (d. 1H J= "f.^'^^ 
^ \ ~? iic v or /m ^ fi 91 Ihr s 1H NCH=CCH,C0 2 CH 3 ), 6.83 (s, 1H aro J, 5.21-5.12 (m, 2H, KnUM 2 U), 

1H ai0 J, 7.45-7.26 (m,5H aro J 6.91 (br ^ lH NW^-o 2 2 3' NC H=CCH,C0 2 CH 3 ), 3.15 (m, 2H, 

HC J), SJ'WH* ^ (NCH=CCH C0 2 CH 3 ) ^SSSSShSSS^. ether terms 25- <H NMR ,270 
[0126J Bepeated evaporation mvacuoof 24 

MHz CD,OD) (11 S,1 1 aS isomer) 5 7.44-7.25 (m, 5H atom ), 7.1 6 (s, 1 H arom ), 6 .K> (Dr s, i in inv. a 2 3/ 

uM, ?H PhCfi.01 4 52(d 111 J= 8.80 Hz, NCHChOCH 3 ), 4.00-3.85 (m. 1H, NCHCHOCH3), 3 80 
(s. 1 H alom ), 5.09 (s, 2M, PnCH 2 0), 4 .0^ (0 n j • 2 H NCH=CCH,C0 2 CH 3 ), 3.2O-3.00 m. 

(s. 3H, OC/y , 3.69 (s, 3H, CO.CH,), 3.4 (s • 3H. NCHCHOChy. ? 8 ^ cD 3 OD> (11 S,11aS 

1H NCH=CCH ? CO,CH 3 CH 2 ), 2.60 2.50 m, 1H, NCH=CCH 2 C0 2 CH 3 CK,), » . 3 " 

Vst im 7 TH 1 166 8 (C > 153 3 (NC=0). 146.4 (C^), 139.7 (C arom ), 138.0 (C atora ), 132.4 (C aroro . 
,somer) S 172.7 (C0 2 CH^1«U (C ^ ^ 8 (NCH =CCH 2 C0 2 CH 3 ), 113.7 (C-H arom ), 

129.6, 129.1 and 128.8 (BnC-H^J, 127.0 ( N ^"^X°2^3).^ 0 1 2 55 2 (NCHCHOCH 3 ),52.5 

109.2 ( aH a(J , 97.1 ( N CHCHOCH 3 ).71T(PhCH G> «0. ^^|» £ ^«nsi«y) 420 (M 4 *, 
(C0 2 CH 3 ), 38.7 (NCH=CCH 2 C0 2 CH 3 ), 34.1 (NCH= . ^CH^CH,) MS (h.^ m/ z» y 
methy. e'her, 1), 41 8 (methyl ethor - 2, 2), 406 (M- in : ,, 23) 404 J^gj^^^T?^. 8 0 (4 
285 (6), 253 (6), 242 (4), 225 (2), 214 (2). 198 (2) 183 <). 168 (2) ,155 (6) 136 (£105^3), 91 (PhC £ U 

65(7) IR(NUJOL®) 3318 (br. OH of carbinolamme form). 2923, 2853,1737. 1692. ibbo w/, ' 

150M 464. 1461. 1452. 1378, 1244, 1072, 1006, 786, 754, 698 cm"'; exact mass calculated for C^H^O* m/e 

406.1529, obsd m/^406.1510, 

F.amo.es 1«c & d): Synt hesis of SJG-30 1 (31 A.P2 0S1) and SUG-303 (33, UP2052) (see Figur ej) 
[01271 




50 Example 1(c) 

Example 1 (d) 

5S , 2S) .^ [ (2-A.N.ox y carb<>ny. a mino).4.ben 2yto x y .5.methoxy b en Z oy.l.2.(fe^buty 1 dimethy. S ily.o X yme.hy.)- 
4-(methoxycarbonylmethyl)-2,3-dihydropyrrole (26) 

101281 Petroleum Ether (1 00 mL) was added to a sample o. NaH (1 .41 g of a 60% dispersion in oil, 35.25 mmol) and 
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stirred at room temperature under a nitrogen atmosphere. After 0.5 hours the mixture was allowed to settle and the 
Petroleum Ether was transferred from the flask via a double-tipped needle under nitrogen. THF (80 mL) was added to 
the remaining residue and the mixture was cooled to 0°C (ice/acetone). The cool solution was treated dropwise with 
a solution of methyldiethylphosphonoacctate (6.47 mL, 7.41 g, 35.25 mmoi) in THF {80 mL) under nitrogen. After 1 .5 

5 hours at room temperature, the mixture was cooled to 0 D C and treated dropwise with a solution of the ketone 6 (8.0 
g, 14.1 mmol) in THF (50 mL) under nitrogen. After 16 hours at room temperature, TLC (20% EtOAc/Petroleum Ether) 
revealed reaction completion. The THF was evaporated in vacuo and the mixture partitioned between saturated 
NaHC0 3 (200 mL) and EtOAc (220 mL). The layers were separated and the aqueous layer extracted with EtOAc (2 X 
200 mL). The combined organic layers were washed with H 2 0 (200 mL), brine (200 mL), dried (MgS0 4 ), littered and 

10 concentrated in vacuo to give a dark red oil. Purification by flash chromatography (15% EtOAc/Petroleum Ether) fur- 
nished the endo-ester 26 (7.02 g, 80%): [apo = -93.0 ° (c= 1.04, CHCI 3 ) ; *H NMR (270 MHz, CDCI 3 ) 5 8.78 (br s, 
1 H), 7.95 (s, 1 H), 7.50-7.29 (m, 5H), 6.82 (s, 1 H). 6.46 (br s, 1 H) ; 6.02-5.88 (m : 1 H), 5.35 (dd, 1 H, J = 2.93, 1 7.22 Hz), 
5.24 (d f 1 H. J= 10.44 Hz), 5.18 (s, 2H), 4.70-4.61 (m, 3H), 3.96-3.82 (m : 5H), 3.68 (s. 3H), 3.08 (s, 2H), 2.91-2.82 (m, 
1H). 2.71-2.65 (nr 1H), 0.88 (s, 9H), 0.06 and 0.04 (s x 2, 6H); 13 C NMR (67.8 MHz r CDCI 3 ) 6 1 70.7, 165.8, 153.5, 

'5 150.6. 144.0. 136.2, 132.7, 132.5, 128.6, 128.2, 128.1, 127.7, 118.1 , 118.0, 114.4, 112.0, 106.0, 70.6,65.7, 62.3, 59.4, 

56.6. 52.0. 34.6. 33.9. 25.8, 18.1. -5.4; MS (El) : mfz (relative intensity) 626 (M I 1, 3), 625 (M*' + 1.7), 624 \W\ 
14). 568 (5). 567 (11). 509 (3), 476 (3) : 341 (5), 340 (17). 339 (4), 299 (3), 286 (18), 285 (87), 282 (11), 256 (4), 242 
(3). 229 (3). 228(14). 226(11), 168(10), 166(3), 152 (6), 141 (5), 140 (50), 139(9), 108 (3), 92 (10), 91 (100), 89(6), 
80 (11). 75 (11). 73(10). 65 (5), 57 (6), 41 (12); IR (NEAT) 3332 (br, NH), 3019, 2953,2930,2857, 1733, 1622, 1599, 

20 1524. 1491. 1464. 1408. 1362, 1335, 1258, 1205 ; 1171, 1113, 1051, 1027, 938, 839, 757, 697, 666 cm* 1 ; exact mass 
calcd for C^H^NgOgSi nVe 624.2867, obsd m/e 624.2936. " 

(2S)-N-[(2-Allyloxycarbonylamino)-4-benzyloxy-5-metho 
4- (hydroxy-2-cthyl)-2,3HJi hydro pyrrole (27) 

25 

[0129] A solution of the ester 26 (4.0 g, 6.41 mmol) in THF (55 mL) was cooled to 0°C (ice/acetone) and treated with 
LiBH 4 (0.21 g. 9.62 mmol) in portions. The mixture was allowed to warm to room temperature and stirred under a 
nitrogen atmosphere for 26 hours at which point TLC (50% EtOAc/Petroleum Ether) revealed the complete consumption 
of starting material. The mixture was cooled to 0°C (ice/acetone) and water (14 ml.) was carefully added. Following 

30 evaporation of the THF in vacuo, the mixture was cooled and then neutralised with 1 N HCI. The solution was then 
diluted with H 2 0 (100 mL) and extracted with EtOAc (3 X 100 mL), the combined organic layers washed with brine 
(100 mL), dried (MgS0 4 ), filtered and evaporated in vacuo. The crude oil was purified by flash chromatography (30 -> 
40% EtOAc/Pctroieum Ether) to furnish the pure endo-alcohol 27 as a transparent yellow oil (2.11 g, 55%): jrtp D = 
-86.43 ° (c^ 1.38, CHCI 3 ); 1 H NMR (270 MHz, CDCl 3 ) 6 8.76 (br s, 1H), 7.92 (br s, 1H).. 7.50-7.28 (m, 5H), 6.82 (s, 

35 1H), 6.36 (brs, 1H) : 6.02-5.87 (m, 1H) ; 5.35(d, 1H, J- 17.22 Hz), 5.24 (d, 1HJ= 11.72 Hz), 5.18 (s, 2H), 4.64-4.61 
(m, 3H), 4.10-3.99 (m, 1H), 3.80 (s, 3H), 3.79-3.66 (m, 3H), 2.85-2.75 (m. 1 H), 2.64-2.60 (m, 1 H), 2.30 (t, 2K J^6.23 
Hz), 1 .74 (br s, 1 H), 0.88 (s, 9H) , 0.06 and 0.04 (s x 2, 6H); l3 C NMR (67 8 MHz, CDCI 3 ) 5 1 65.3, 1 53.5, 1 50.5, 1 44.2, 
136.3, 132.5, 128.6, 128.1, 127.7, 126.7, 122.8, 118.0, 114.3, 112.0, 106.1, 70.7, 65.7, 62.8, 60.4, 59.1, 56.6, 34.4, 

31.7, 25.8. 18.2, -5.4; MS (El), m/z (relative intensity) 598 [W + 2, 3), 597 (M- + 1,5), 596 (M 4 ', 13), 581 (2), 541 
40 (2), 540 (4), 539 (9), 448 (2), 341 (2), 340 (12), 282 (7), 259 (5), 258 (20), 257 (100), 256 (3), 227 (3), 226 (12), 200 

(5). 168 (6), 124 (3), 113 (3), 112 (50), 111(4), 94 (10), 91 (25), 73 (3); IR (NEAT) 3340 (br), 3066, 3033, 2930, 2857, 
1732, 1598, 1520, 1456, 1409, 1328, 1205, 1166, 1113, 1049, 1023, 938, 839, 778, 744, 697, 677, 637 cm 1 . 

(2S)-A^[(2-AHyloxycart>onylamino)-4-benzytoxy-5-methoxyben2oyl]-4-(acyloxy"2'ethyl)-2-(/e/t- 
45 butyldimethylsilyloxymethyt)-2,3-dihydropyrrole (28) 

[0130] Acetic anhydride (8. 1 7 g, 7.55 mL ; 80 mmol) and pyridine (30.2 mL) were added lo the alcohol 27 (0.953 g, 
1.60 mmol) and the solution stirred for 16 hours under nitrogen at which point TLC revealed reaction completion (50% 
ElO Ac/Petroleum Ether). The reaction mixture was cooled to OX (ice/acetone) and treated dropwise with MeOH (15 

50 mL). After stirring at room temperature for 1 hour the mixture was treated dropwise with H 2 0 (30.2 mL) and allowed 
to stir for a further 16 h. Following dilution with EtOAc (56 mL), the solution was cooled to 0°C and treated dropwise 
with 6 N HCI (56 mL). The layers were separated and the organic phase was washed with 6N HCI (2 X 28 mL) and 
the combined aqueous layors wore then extracted with EtOAc (70 mL). The combined organic phases were then 
washed with H 2 0 (60 mL), brine (60 mL), dried (MgS0 4 ), filtered and evaporated in vacuo. The crude oil was a mixture 

55 of the desired product 28 and the TBDMS cleaved compound 29 as judged by TLC. Purification by flash chromatography 
(20 -» 100% EtOAc/Petroleum Ether) provided 29 (0.2 g) and desired acyl-TBDMS compound 28 (0.59 g, 58%) as a 
colourless oil: [ripo = - 87.04 0 (c = 4.91. CHCU,); 'H NMR (270 MHz, CDCt 3 ) (Rotamers) f> 8.77 (br s r 1H), 7.94 (br 
s, 1H), 7.49-7.31 (m, 5H), 6.80 (s, 1H), 6.37 (brs, 1H), 6.02-5.89 (m. 1H). 5.35 (dd. 1H, J= 17.22. 1.65 Hz), 5.24 (d, 
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20 



25 



30 



35 



1H /- 1030 Hz) 5 19(1 2H) 4.64-4.61 (m, 3H), 4.12 (t, 2H, J = 6.78 Hz), 4.03-3.95 (m, 1H), 3.83-3.75 (m, 4H), 
2 8^75 £ 1 H> 2 64 2*0 (m 1 H), 2.40-2.26 (rr, 2H.). 2.03 (s. 3H), 0.88 <s, 9H] , 0 0.01 . and 
NMR (67 8 MHz CDCI 3 ) 6 170.9, 165.5, 153.5. 150.6. 144.1, 136.3, 132.7, 132.5, 128.6, 128.1, 127.7. 126.5, 22* 
118 0 114 3 112 2 106 1 70.7. 65.7, 62.4. 60.4, 59.2, 56.7, 34.6, 31.7, 27.9. 25.8. 20.9, 18.2, -5 .4; MS (El) flj 

^ t nsity, 640 .2,3), 639 ff*- + 1 , 7), 638 1 5), 623 (2), 583 ^ 582 W 581 1 (1^ < X 23 
Ion mi 341 (51 340 (22) 301 (5) 300 (18), 299 (75), 283 (3), 282 (14), 256 (4), 242 (7), 241 (5), 240 (16). 239 (62). 
Z 2 192 3 ' SKI S (3) 68 (5 , 166 (5) 154 (10), 131 (3), 106 (3). 95 (4). 94 (48), 93 (5), 92 (8). 

91 ( 00) 89 5) 75 (6^73 (8) ( 65 (3 .57 (3); I R (NEAT) 3324 (br, NH). 3066, 3018, 2954, 2930. 285) r 1 737 16 2. 

1 ^523 S 8 1363, ) 1327 US** 1168, 1115, ^80 1030 994^37 83^756. 697, 667.638, 

606, 472, 459, 443 crrr'; exact mass calcd lor C 34 H 46 N 2 0 8 Si /n/e638.3024, obsd m/e 638.3223. 

(2S)-N-[(2-Allytoxycarbonylamino)-4.benzyloxy-5-methoxybenz 0 yll-4-(acyloxy-2-cthyl)-2-(hydroxymethyl)- 

2,3-dihydropyrrole (29) 

101311 A solution of the silyl ether 28 (0.83 g. 1 .30 mmol) in THF (14 mL) was treated with H 2 0 (14 mL) and glacial 
[01 31 J a soiunon 01 ine s»iyieim.i »»\ ». • ptn&wPoirotetim Ether) showed the complete 

acetic acid (42 mL). Alter 2 hoursstirring at room temperature TLC (50 h EtOAc/Petroleum tiner I snow v 
consumotion ol starting material. The mixture was cooled (ice) and treated dropw IS e with a solut.on of Na HC0 3 (64 lg) 
T, S 4 Sueous solution was extracted with ElOAc (3 X 1 00 mL, and the combined organ* .aye* i were 
washed with H 2 0 (1 50 mL), brine (1 00 mL), dried <MgS0 4 ). filtered and concentrated in vacuole ^«*p^rt 
as an orange oil. Purification by flash chromatography (60% EtOAc/Petroleum Ether) furnished the P"»tooho 29 as 
a white glass (0.537 g, 81%): [a) 21 D = -83.60 - (c = 0.25. CHC b ) ; 1 H NMR I «7 0 MHz CDCJ) 8.56 (b s, HJ 7 9 
(brs 1H) 7 49-7.29 (m,5H), 6.81 (s, 1H), 6.28 (br s, 1H). 6.03-5.69 (m, 1H), 5.35 (ddd, 1H. J - 17.22 £ 3 ,1 . 1.46, Hz . 

2S (d H J. 10.44 HZ). 5.19 (s 2H), 4.80-4.70 (m. 1H), 4.65-4.62 (m, 2H). MH " 
3.84-3 77 (m, 5H). 2.98-2 88 (m, 1H). 2.39 ft, 2H, J= 6.51 Hz). 2.33-2.25 (m, IH* MS (s, 3 ** «C NMR (67.8 MH,. 
CDC. 3 )8im8,167.1,153.5, 151.0,144.3,136.1,132.6. 132.4,128.6.128.1 127.7. ^^^f '^J* 
70 7 66.5. 65.8, 62.0. 61 .7. 56.8, 35.4, 31 .7, 27.8. 20.9; MS (El), (relative .mensity) 525 (M» ♦ 1 K 5). 52 KM 2 , 
4) 341 (5) 340 (16) 299 (2). 283 (3), 282 (14). 256 (4), 227 (5), 208 (2), 192 (3), 190 <2> J * (9). 185 (60) 168 2 , 
67 ?5) 166 (2). 64 (2), 163 (2). 154 (3), 136 (3), 131 (3), 126 (7), 125 ^^^^^^^ 
oS HQ ' Q3 31 92 (91 91 (100) 83 (2) 69 (2) 68 (3). 67 (3), 65 (5). 58 (6). 57 (17) ; IR (CHCI 3 ) 3335 (br), 2933, 1732, 
1599 l^l!^ 455, 1434 140s! 1^?31 1170, 1112, 1029, 995. 932, 868. 765. 698, 638, 606 cm 1 ; exact mass calcd for 
C 28 H32N 2 0 8 m/e 524.2159, obsd m/e 524.2074. 

(1 1 S.1 1 aS)-2-( Acy loxy-2-ethy 0-ally loxycarbony l-8-benzy Ioxy-1 1 -hydroxy-7-methoxy-1 ,1 0,1 1 ,1 1 a- 
tetrahydro-5H.pyrrolo[2 ? 1-c}[1 ,4]benzodiazepin-5-one (30) 
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Method A: 



[0132] A solution o. DMSO (0.25 mL, 0.27 g, 3.49 mmol) in CH 2 CI 2 (1 0 mL > « as ^ 

L so.u ion of oxalyl chlorxfe (0.87 mL of a 2.0 M solution in CH 2 CI 2 , 1 .75 ^fSS^^wS, 
a nitrogen atmosphere. After stirring at -45"C for 40minutes, a solution of the alcoho 29 (051 g. 09 7 mmoO ,n C 2 2 
(7 mL) was added dropwise over 35minutes at -45»C. After 55m,nules at - 45 C ^^^^^^ 
with a solution of TEA (0.57 mL, 0 41 g, 4.1 0 mmol) in CH 2 C h (5 mL) over 40m,nutes at -45 ^^^^^ 
the reaction mixture was allowed to warn, to room temperature and was drloted w,.h ^.^^J^JiSum 
HCI (60 mL) H 2 0 (60 mL), brine (30 mL) , dried <MgS0 4 ), filleted and evaporated m vacuo. 1 LC 80 A ^ 
Bher) of the crude material revealed complete reaction. Purification by (lash chromatography (50% EtOAc/Petroleum 
Ether) furnished the protected carbinolamine 30 as a creamy glass (0.25 g, 49 /.). 



Method B: 



[01 33] A solution o, the alcoho. 29 (0.21 g. 0.40 mmol) in CH^C^CN ^^ )lK r^^^iS^ 
Lecu.ar sieves (0.15 g) and NMO (69 mg, 0.59 mmol). After 15minu.es * ^TgSSSi^S 

19 8 iimoA was added and slirring continued for a further 1 hour at which point TLC (80/, EtOAc/Petr oleum , 
£JS pSfoltion along with some anoxidised stamng materia,. The ^ 
quantity of NMO (35 mg, 0.30 mmol) and TPAP (3.50 mg, 10 ^mol), and allowed to st.r for a furthe 1 * noil s 
whlh Le TLC revealed complete reaction. The mrxture was evaporated in vacuo onto s.Uca and subjected to flash 
ctomatoqraphy (50% E.OAc/Petroleum Ether) to provide the protected carbinolamine 30 as a; :rearny gla« K95 mg 
iTfT !S > tc - 0 95 CHCW- 'H NMR (270 MHz. CDCI 3 ) 6 7.49-7.26 (m, 6H), 6.80 (S, 1H), 6 76 (s, H). 
ZtX^m™ i ?i"H * 10 S HZ) 5,9-5.05 ,m. 4H). 4.52-4.29 (m. 2H). 4.28-4.08 ,m. 3H). 3.95-3.80 (m. 
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15 
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?5 



^.^ <u i ift«fiH7l 2 46U 2H J= 6.41 Hz), 2.06 (s. 3H); 13 C NMR 
4H), 2.99 (dd. 1H. J- 10.72, 16.94 Hz). 2.66 (d, H 7= 16.8 6^2.46 «, 2£ )W , 12 1. 6 . 

( 67.8MHZ.CDCW8171.1.16 3 .1,155.9,150.3.149.1 136.1 • "l* 1 ^ ^^ (lrt ^,rten«tty) 522(W-. 
18 . 0l 1,4.8, 111.0, 85.9, 71.1,66.8, 62.0^.7.59 £56.2 .3^9^21.0 MS E ( ^ ^ ^ ^ ^ 

exact mass calcd for C^H^A m* 522.2002, obsd mte 522.2008. 

^.ellcMllaS,-*^^ 
benzodiazepin-5-one (31 .UP2051 , SJG-301) 

lution of the Alloc-protected carb.nolam.ne 30 95 mg 0.18 mmo.) tr p e y p p ^ ^ alrnosphe re, 
rolidinc (13.6 mg, 0.1 9 mmol) in CH 2 CI 2 (1 0 mL). After 1 hour st, rang * ™ J f ven , was evaporated m ^auo 
TLC (97% CHCI^eOH) revea.ed the complete consumption of sta^ng^teraK pBD (31 , SJG-301 . 

and the crude residue was purified by flash chromatography (99. f ^ C J^ jn order t0 provide the N10-C11 
UP2051) as an orange g.ass which was repeated, evaporate ^SXA «•*•) « ».7B W. 1H. J 

imme form (66.3 mg, 87%): [oP 0 = + /41 67 ' f = °*f' ^ 8 " ^ 4 27-4.16 (m, 2H), 394 (s, 3H). 3.44-3.35 
= 4.03 Hz), 7.70-7.28 (m. 6H), 6.83 (s, 1 H) 6. 82 (a. ' H) 519_5 ^ 7 I MHz, CDCI,) (Rotamers) 
(m,1H ) .3.28-3.15(m,1H ) .3.04-2.97(m 1H)2.^ 

5 170.9, 162.6, 161.1. 150.9, 148.2, 140.1, 136.1, 132 1. 132 .0 . 28^7 4lg 418 

70.8. 6 .9, 56.2. 53.6, 37.4, 27.9, 21 .0, MS (El . n* ^ ^ 3). 1 05 (3), 94 (4), 93 (3), 92 

(36), 361 (6), 360 (20), 328 (3), 313 (8), 270 W ^ <7) 268 W. 2B7 . (22 . 256 ( U ^ ^ 2934 _ 

KKK KSi.iaS: EK! -° 3£& ^ U - — - - - 

C 24 H 24 N 2 0 5 m/c 420.1685, obsd nvto 420.1750. 

tetrahydro.5H.pyrrolo[2,1-cl[1 ,4]ber.2odiaze P in-5-one (32). 

■x •„ u n (ft ml 1 was added dropwise to a stirred solution of the acyl 
,0135, A solution of K^O^ (328 ^'^^ ^^T^j? ^d^et^H (8rnt.V^fter slirring for 1 6 hours at room temperature 

0 compound 30 (0.2489. 0.475 mmol) .n CH 2 C I ' /f) ^ give „ cloudy aque0 us so- 
TLC (EtOAc) revealed complete react.on The MeO H C H 2 CI 2 was e P ^ Qrganjc , ayers ^ 

lu ,ion wnich was diluted with ^.^f^jj^^^ .0 provide a creamy oil. Purification 
then washed with brine (30 mL), dned (MgS0 4 , ID erec I ana ««P transparent colourless glass 

by flash chromatography (97% CHCiyMeOH) ton. lard ' ^J^^SSJ 6 7 .43-7.24 <m, 6H), 6.84 (s. 1H), 

,5 (178 mg. 78%): l«PV = + 48.43 - (c - 1 .56, CHCi ) JH NMR^JMH ^ ^ (m 

6.73 (S, 1H), 5.74-5.55 (m, 1H), 5.73 (d lH J = 8.79 H ) 5^9 5.0 ^ ) mh g ^ ^ 155.8, 150.3, 

3.07-2.97 (m, 1H), 2.67 (d, 1H, J= 16.49 Hz) ; 240-2T7 (m 2H) C , NM ( ^ ^ g g 6 q 7V1 , 

1491 136.1, 131.8, 128.6, 128.1. 127.7, 127,4. 1253, 124.1, 12 A 23.1 . 10 ), 480 (M- 26), 

66 7 60.3, 59.6. 56.2, 37.1 , 31 .5; MS (El), m/z (relanvc mh + J W J 11Q 

« 449 '(4). 378 (12). 347 (7), 341 (7) 340 (25) 339 (4) 284 4 J^^^^c,^ ^480, 897. 
94 (10), 92 (9) : 91 (100), 80 (4), 70 (5), 69 (7), 65 (4), 58 (11 ), &/ * 
obsd m/e 480.1 886. 

45 benzodiazepin-5-one (33, UP2052, SJG-303). 

[01361 A c-^ — o, - k is(U iP heny^ 

Lion of the Alloc-protected carbino.am.ne 30 ,1 56 2°'^" sominuLu.os stirring at room temperature under a 
pyrrolidine (24.3 mg, 0.34 mmol) in CH 2 CI 2 (15 mL). A " e ;;^°"^ n " 0 ^ surnplion ofstarting material. The solvent 
'urogen aunosphere, TLC (90% CHCIj/MeOH) ^^^^"^hy (98% CHC.yMeOH) to afford 
was evaporated in vacuo and the crude residue was purged by f JJ^ in vacuo with C HC 3 in order 

, he PBD (33, SJG-303, UP2052) as an orange .g ass wheh was mpoamd y P^ & ^ ^ ^ ^ 
10 provide,ho N10-C11 imino form (103 mg 84%): «H NMH l(2 J) MHz, CO y I 3^ 3 35.3.35 (m , ,H). 3.18-3.15 
7.58-7.22 (m. 6H), 6.82-6.80 (m,2H), 5 .17-4.88 ^'^^ rimers) 5 162.8, 161.1, 152.3, 150.9, 
(m . 1H), 3.04-2.97 (m, 1H). 2.52-2.47 (m. 2H ; ^ NMR (678 MHz, C0CI 3 ) ( , ^ ^ ^ „ 

,48.1 , 142.3, 1 38.3. 136.4. 1 28.7, 128.6. 28 2 ^ 27_4. 1» 1 3 375 (6) , 347 (8). 345 (5), 334 (5), 

MS (El), m/z (relative intensity) 380 (1 3). 379 (1 ), 378 (M 42 . 377 (36V t ) ^ ^ (13) 255 

333 (19). 288 (14). 287 (14). 286 (36), 285 (50). 272 (6). 271 (22). 269 (6). 
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662 ir<: «,« ™» «*-«><« 'i^^JS'^Sl 'H "MR 

T01371 Repeated evaporation in vacuo of UP2052 with OH 3 UH proviaea me n v ' HU m 2 ?1 

(270^Hz^DCW (Rotamers) 6 7.66-7.22 (m, 6H), 6.82-6.81 (m, 2H), 5.21 -4.76 (m, 2H), 4.61 -4.1 5 (m, 1 H), 4.03 3.71 
(m, 5H), 3.44 (s, 3H). 3.35-1 .92 (m, 7H). 

Figure 4) 
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[0138] 
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OMe 

(25,(4,^,5-0,^ 

l0139] Aca.a.yt.amodnto.DMF,^ 

and oxalyl chloride (5.75 mL, 8.37 g, 65.9 mmol) in CH 2 CI 2 (300 mLV NtorlB nou 54 . 8 mmol) and 

acidchlorid^solo^ 

TEA (1 3.86 g. 1 9.1 mL, 1 37 mmol) in CH 2 CI 2 (300 mL) at 0 M^'f""" e > » h rf ,„ saUjrated 

mixture was al.owed to warn, to room temperature and stirred ora JwSSS ^ ™* * va P° ra,ed 

NaHCO, (300 mL), saturated NH 4 CI (300 mL), H 2 G (250 mL) b me J^^JJ^ (80% Et0 Ac,Petroleum 
to vacuo to give me crude product as a da* orange ^TZT^ .17, CHC, 3 ); * NMR 

Ether) isolated the pure amide 35 as a sttcky orange o « (18 .11 g ,7* *.) I* £ o ^ § R 2H) 

(270 MHz. CDCy (Rotamers) 8 7.71 and 7.68 (s x 2 1H>. 6. » (L79 (b x 2 ^H>.« ^.^hz). 3.01 -2.79 

4.13-4.10(m,tH).3.9 8 (s,3H),3.94(s,3H),378-374(m 1H .3^ 

(br s. 1H), 2.35-226 (m. 1H), 2.11-2.04 (m, 1H), 0.91 and Ml (8 x 2 9H). J^ 0 ' °«7 5 128.0, 109.2, 107.1 , 70.1 and 
NMR (67.8 MHz, CDC 3 ) (Rotamers) 5 166* 18*2 ! «J ™£™*^™*f£™U .5.5 and -5.7; MS (El). 
69.4, 64.7 and 62.5, 59.0 and 54.9, 57.3, 56.6, 56.5. 37.4 and »A ».9ml*7. . 

relative intensity) 440 (M*" f 2), 426 (9), 386 (4) 385 (20) 384 (65 383 ( 00 , 36 4) 320 (4) ,, II 
286 5), 211 (15), 210 (100), 194 (12), 180 (4). 165 (17) 64 W. 136 ( 5 ^4 WW. I » 

calcd for C^NjOySi mfe 440.1 979. obsd m/e 440.1903. 

[01 40, A solution o. hydrazine (6.59 g, 6.40 mL, 205.5 mmo.) in MeOH (11 0 mL) was j^J^^ 
o, the nUro-compound 35 (18, g. 4J.1 The leaclion 

and heated at rellux. After 1 hour at rellux TLC A CHC ^~"' T** MeOH (50inL) and was heated at reflux 
nature was treated with further Raney Ni (2.6 g) and ^^^^^^^^ was then treated 
for an additional 30minutes at which poin, TLC revea.ec reason comple. o, reactor 

with sufficient Raney Ni ,0 -"^^^^^jE "and the resulting finrate evaporated ,n vacua 
cooling to room temperature the mature was Mterea nro g ^ rated „ m , 0 

The resulting residue was then treated with CH 2 CI 2 (300 mL) W W ^ 4 h MH2, CDCy 

provide the amine 36 as a green oil (16.03 g. 95%): laPo - -116.32 (c - 0.31 OH 3) 

(Rotamers) 5 6.70 (s. 1H), 6.28 (s. 1H). 4 .51-4 .49 (m^ 1H> 4.36-4 34 ( - J^4 ° 6 3^ 7 (m . $ ^ 
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(7) 57 (3)- IR (CHCU) 3353 (br). 2953, 2930, 2857, 1623. 1594, 1558, 1517, 1464. 1435, 1404 1260 1234, 1215 
1175 1119. 1060. 1005, 915, 836. 777. 755, 666 cm ': exac. mass calcd for (WW m/e410.2237. obsd wfe 
410.2281. 

( 2SM4^-/*[(2-Allylo X ycarbonylarninoH.5-dimethox V benzoyl]-2-(fert-butyldimethylsilyloxy m ethyl)- 
4-hydroxypyrrolidine (37) 

(01 41] A solution of the amine 36 (1 6.03 g. 39 mmol) in CH 2 CI 2 (450 mL) was cooled to 0»C (^acetone) and treated 
with pyridine (6 94 mL, 6.78 g, 85.8 mmol). A solution of ally) chtoroformate (4.35 mL. 4.94 g. 40.95 mmol) ,n CH 2 CI 2 
rimlstL added 

and sti red for a further 1 .5 h. at which point TLC (E.OAc) revealed complete consumption of am n ,36. ■ ^«« a »" 
mix.ure was washed with salurated CuS0 4 (300 mL), H 2 0 (300 mL), brine (300 mL) dried 
evaporated ft, vacuo. The crude residue was purified by flash chromatography (35% BOkM ^ZnZl 
,he pure allocamino compound 37 as a dear oil (16.78 g. 87%): M o = fjf ' * = °%™a,) H N MR (270 
MHZ C0CI 3 ) (Rotamers) 8 8.93 (br s. 1 H). 7.72 (s. 1H), 6.77 (s. 1 H). 6.01 -5 87 ^«\^3^f«' . 

Hz). 5.23 (dd, 1H, J= 10.44, 1 .29 Hz), 4.63-4.55 (m. 3H), 4.40-4.38 (m, 1H), 4.15-4^08 (m 1H) « .^J" 3 _" (8 ' 
3H . 3.62-3.55 (m, 3H), 2.34-2.24 on. 2H). 2.07-1 .99 (m, 1 H), 0.89 (s. 9H). 0.05 an U,04 (s x 2 6H). «C NMR *M 
MHz CDCW (Rotamers) 6 169.5, 153.8, 150.9, 143.8, 132.5. 118.0. 115.9, 111.0. 104* 70.5 65* .S2.2 59.0 572 
56.2 56.0. 35 7 and 31 .1 . 25.8. 1 8.1 , -5.4 and -5.5; MS (El), «* (relative *^J£^£\* A ^*£*; 
494 (M - 50), 439 (11), 438 (29). 437 (100), 380 (4). 379 (14). 337 (13), 336(4). 265 (15) 264 (91) 263 (4) 258 6 . 
224 4), 223 15), 220 11). 212 (7), 208 (4), 207 (11). 206 (75). 192 (5). 180 (20) 179 ^^^^^ 
* cc U 152 (5 \ 150 (6) 136 (4) 99 (9), 86 (16), 75 (10), 73 (11), 57 (6); IR (CHCI 3 ) 3337 (br), 2952, 2930, <Mt>/, 

1327. 1288, 1261, 1229. 1203, 1165. 1.21. 1039, 1004, 931, 836. 
exact mass calcd for C^HagNjOjSi mlo 494.2448, obsd m/o 494.2365. 

(2S)-^[(2-Allyloxycarbonyla m ino)-4.5-dirn e thoxybenzoyl]-2-(rert-buty1dimethylsilyloxyn.ethyl)- 
4-oxopyrrolidine (38) 

roi431 A solution of DMSO (7 ?4 mL 7.97 g. 102 mmol) in CHfi^ (150 mL) was added dropwise over 2 hours to a 
En J 3 5 ^T h roride 25.5 mL o, a 2.0 Motion in CH 2 C, 2 , 51 .0 mmol) a, -60- C i "J*? 
atmosphere Aher slirring at -50°C for 1 hour, a solution of the alcohol 37 (16.75 g. 33.9 mmol) ,n CH 2 CI 2 (250 mL 
Seed dropwisTover a period of 2 h. After 1 hour a. -55'C. the mixture was treated dropwise with a solution of 
tfa (32 2 mL 23 4 o 23 mmoO in CH 2 CI 2 ( 1 00 mL) and allowed to warm to room temperature. The reaction mature 
32 Ste Twi'th ble (250 mL)ld wTsLd with cold IN HC, (2 X 300 mL). TLC (50% BOAc/PeUo.eum Ether) ^ 
Z th CH 2 C 2 layer revealed comp.e.e reaction. The layers were separated and 

(300 mL), brine (300 mL), dried (MgSOJ. filtered and concentrated m vacuo to g~e the ketone ,* as ^an «W 

mr 37 n QR»/ V aPV - -9 96 » (c= 1 51 CHCM ; 1 H NMR (270 MHz, CDCI 3 ) 5 8.69 (s, 1H). 7.82 (s, 1H), 6.75 (s, 1 H), 

T 

Im 9H1 367-356(m 1H) 2 74 (dd, 1H, J= 17.86. 9.44 Hz), 2.52 (d. 1H, J- 17.95 Hz), 0.87 (s. 9H). 0.05 (s 6H) O 
c£i7^L 169,, 153.5, 151.3, 143.| 114A 110 1 104.6^6 . 1^5* 

56 2 56.0, 39.7, 25.6, 18.0, -5.7 and -5.8; MS (El). m/z(relative intensity) 494 (I* +2 6). 493 (M + 1. 15). 492 (M. 
43 437 ,8), 436 (22), 435 (74), 377 (11), 336 (6), 335 (21), 334 294 « 26 J. 64 (50^ (5) ,22 17) 20 
(18), 208 (7). 207 (15). 206 (100), 192 (9), 180 (23), 179 (28). 172 (33), 171 ^-^^^^^^S^ 
36 13), 15 (14). 108 (6), 88 (6), 75 (20), 73 (33). 59 (13), 58 (6), 57 (62), 56 ( 4 ; IR (NEA I> A *7 NH£ 3086. 
3019 2954, 2932, 2858. 1766, 1732, 1623, 1603, 1520. 1464, 1398. 1362. 1332 1313 1287. 12* 
1052, 1038, 1004. 938, 870. 838. 810, 756, 666, 621 , 600 cm ' , exac. mass calcd for C^H^NjO^i rrVe 4SZ.^, 



obsd m/e 492.2349. 



2S)-N-<2.Allyloxycarbonylamino)-4,5-dimethoxybenzoyl]-2-(ferr-butyldimethylsilyloxymeth y l)- 
4-(methoxycarbonylmethyl)-2,3-dihydropyrrole (39) 

[0143] Petroleum ether (70 mL) was added to a sample of NflH (0.4 1 g o, a 60% dispersion in oil 1 ,0.1 8 mmo,; I and 
S J a, room tompera.ure under a nitrogen atmosphere. Aher 0.5 hours .he ^^^^^^ 
Petroleum Ether was Iransferted from the flask via a double-tipped needle under nitrogen. THF (60 mL) was added o 
^SS^Zl and the mix.ure was cooled to 0-C .-/acetone). The coo. so.ution was treated 
Son of methy.diethylphosphonoaceta.e (1 86mL, 2.14 g, 10.16 mmol) in THF (60 mL) under n rt rogen After 1.5 
ours a, room temperature, .he mix.ure was cooled to 0<C and .rea.ed dropw.se ^^^S^M 
g 4 07 mmol) in THF (36 mL) under nitrogen. After 16 hours at room temperature. TLC (20% EtOAc/Pelroleum Ether) 
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revealed reaction completion. The THF was evaporated in vacuo and the mixture partitioned between : saturated 
nIhco! (100 mL) and EtOAc (tOO mL). The .ayers were separated and the aqueous 'ayerextracted w,lh E OAc (2 X 
100 mL)' The combined organic .ayers were washed wtth H 2 0 (100 mL) bnne (1 ^^J^^fZ r) Zt 
concentrated in vacuo to give a dark red oil. Purification by Hash chromatography (1 5 /<, BOA^PWroleum Emer)_ tur 
Spiral- a golden oi. (1 .63 g, 73%): 1 H NMR (270 MHl CDCy (Mjm^ 8 8 W, 
f* 1KH fi?q^s 1m 6 46 (or s 1H) 6.03-5.89 (m, 1H) 5.39-5.32 m,1H 5.24 (dd, 1H, J= 10.44, 1 28 Hz), 4. /u 4 
ft 'S^^ i-V 2 H). 2.91-2.82 (m, 1H), 2.75 266 (m 1H) ^J.T^ ^ 0.12-0.0 3 m, 
6H); NMR (67.8 MHz, CDCI 3 ) (Rotamers) 6 170.7. 165.8, 153.5. 151 .3 1437. 132.8, 132 s 128_2 
4-.-J O .,1 * irvn fi<w fi?3 59 5 and 594 56 4 56.0, 52.0, 34.7, 33.9, 25.8, 18.1, -5.4, MS (El), m/z (relative 
SSSSS 17)'. MMm' 17Ts25 (13). 507 (14). 492 (6), 491 ^^^^^ 
f9ffi 285 <82> 265 (10) 264 (51) 263 (9), 244 (9), 242 (7), 228 (19), 227 (8), 226 (18), 224 (6), 223 (22) 220 (12) 

192 (7), iSo PS). iM (21). 168 (16). 164 (10),52 (1 ,3), 1 5C , (8). 141(8) 140g). «J 
(13). 136 (6), 108 (6), 89 (9), 80 (15), 75 (15). 73 (19), 57 (6); exact mass calcd lorC 27 H 40 N 2 0 8 S, m/e 548.2554, obsd 
m/e 548.2560 

(2S)-^[(2.Al. y ioxycarbony.amino).4.5-dimethox y b e nzoy1)-2-(hydroxymeth y i)-4.(methoxycarbonylmethyl)- 
2,3-dihydropyrrole (40). 

r0144l A solution ol the silyl ether 39 (1 .63 g, 2.97 mmol) in THF (12.6 mL) was sealed with H 2 0 (12.6 mL) and 
£2 acefc S (38 mL) Atter 2 hours stirring at room temperature TLC (60% BOAc/Pe.roleum Ether) showed the 

ssr^sss -—«• The — e was c °° ied r*t«^x^iSi , s^ 

NaHro , 61 6 a x )n Ho O (61 6 mL). The aqueous solution was extracted with EtOAc (3 X 150 mL) and the comoineo 
organXrs w 9 : e wf hid 1th H 2 C (150 mL), brine (100 mL). dried (MgS0 4 >, ^^S^iSS^ 
give the cLe alcohol 40 as an orango oil (1.27 g. 98%). MS (El), mfc (relative intensity) 435 M» +1. 6)^34 <M I 
SwT W K\ 317 (41 281 (6) 265 (8) 264 (44), 263 (8), 224 (5). 223 (24), 222 (5), 220 (9) 207 (15), 206 (94), 192(5). 

69 (7); exact mass calcd (or C 21 H 26 N 2 0 8 m/e 434.1 689. obsd m/e 434.1606. 

(1 1 S.11 aS)-10-AI1y loxycarbonyl-T.B-dimethoxy-l 1-hydroxy-2-(methoxycarbonylme»hyl)-1 .1 0.1 1 ,11 a- 
tetrahydro-5/^pyrrolo[2.1-c][1,4lbenzodiazepln-5^ne(41) 

waTed wi 1N HC (100 mL), H 2 G (100 mL), brine (100 mL), dried (MgS0 4 ). littered and 
"oSct/Pe^^ 

55% EtOAc/Pe.ro.eum Ether) turnished the protected carbino.am.ne 41 as a white glass (068 g 54 ^ N o 
►219 78 • (c 0.12. CHCI 3 ); iH NMR (270 MHz, CDCI3) 8 7.23 (s, 1H). 6.91 (OH). 6 70 (s H), 5.90 5.80 Jn aj. 
5 17-5.13 m, 2H), 4.70 (dd. 1H. J= 13.37. 5.31 Hz). 4.50-4.43 (m, 1 H), 3 ff^ m '^'^':^ 'S3 ^2 
3H) 275(d 1H U 1704 Hz), «C NMR (67.8 MHz, CDCI 3 ) 8 170.7. 163.3, 155.9, 161.1. 148.5 131 7 128£ 26.2 
124 118 117 6 112 6 110.6. 86.0. 66.8. 59.4, 56.2. 52.1 . 37.0, 33.7; MS (El), ml* (relative 
^ 433 (M- + 1 21) 432 (M* 74) 414 (8), 373 (14), 329 (7), 293 (20), 292 (20), 265 (19), 264 (100) I 263 (33£ 
I'A ; 25 f 224 (6) 222 25, 220 (14) 209 (8), 208 (52). 207 (24), 206 (92), 192 (15), 191 (6). 190 (7), 180 (18) 79 

2^169 23) ( « 00 1^ 17 M 52 12 . 150 (14), 149 (8), 14, (9), 140 (60), 136 (11) 125 , (6) 120 ,^110 (8 . 
( 108 (15) 81 (9), 80 (45), 57 (7). ,R (CHCI3) 3385 (br), 2918, 2849. 1707 1625, 1605, 1516. 1457, 1436, 1405. 1311 , 

1282, 1245. 1217, 1172, 1116, 1040, 1001,968,933, 874, 855,666 cm' . 

(11aSV7.8.Dlmethox y -2-(methox y carbonylm C thy.)-1 ! 2,3,11a-tetr a hydro-5H- P yrro.o[2,1-c)[1.4]benz 0 dia Z e P in- 
5-one (42, UP2065, AN-SJG) 

[0146] A catalytic amount ol .e.r a ki S (,riphenylphosphine)pal,adium (44.0 mg 38.0 umol) was added ~ 
> ution ol the Alloc-protected carbinolamine 41 (0.66 g. 1 .53 mmol). triphenylphosph.ne (20.0 mg 77.0 

rcile ,114 mg. l\o mmo.) in CH& (100 mL). Alter 2 hours stirring a. ^^iStL^SJS^ 
ohere TLC (99% CHCIVMeOH) revealed the complete consumption ol starting mater.al The solvent was evap 

and «he crude residue was puritied by Hash chromatography (98% CHCI^MeOH) ,0 afford the PBD (42, 
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AN SJG UP2065) as an orange glass which was repeatedly evaporated in vacuo with CHCI 3 in order to provide the 
SETSnTil mg. 05%): ,«)«„ = .401 .84 • (c = 1 .00. CHC^ l H NMR (27C » MHz C OCtf 8 7.87-7.8 (m 
Vuw/. 0 <c ih) b«i, ih, 6 81 (s 1H) 4 34-4.27 (m. 1H), 3.95 (s, 3H). 3.93 (s, 3H), 3.74 (s, 3H), 3.34 (d. In, J 
« 85 H 3 24 fs 2H '3 19-3 10 m 1H); S NMR (67.8 MHz. CDCI 3 > 5 170.6, 162.7. 161.4. 151.8. 147.7, 14M. 

1008, 875, 840, 786, 666, 620, 574 : 537 cmr*; exact mass calcd (or C 17 H l8 N 2 0 5 m/e ^u.i^o, oosu 
Example 1{f): Synthesis of KEC-570 (56, UP-205 3) (see Figure 5) 
[0147] 

MeO 

V. 3'-Bis(4-carboxy-2-mcthoxyphenoxy)propanc (43) 

,0,481 A oo»*ioo .1 «i.*p,»P»n. (8.790. 29.7 mmol} In 7>,F (50 mL), .00 «»d d,„pw« ^ 'P^ 4 '^ 
,08*3 » 15. 6 ,Q>. -67.0 (CO,. ,H ,KB,): . .»;» ^^•JS 0 ,^'^^^-^-,: »i 

;^ c o»^ 

(100); HRMS: Calcd for C 19 H 20 O 8 - 376.1158 found 3761168. 
1 •,3'-Bis(4-carboxy-2-methoxy-5-nitrophenoxy)propane (44) 

,0,00, TO. .«*, «3 ,2.0 ,. 5.30 n-.,, ..0 O0« p— HKO, ,» n^C .od «£ » »» 

730, 645 c-n-1. MS (El), m* (relative intensity) 467 (MH-, 1) 450 ( ,, 43 6 ffl ,. 42 3 ( 8 , 378 ^8 (>. ^ 
(4). 210 (7). 194 (2). 182 (7). 164 (14), 153 (2), 123 (3), 91 (6). 77 (3), 55 (5). 44 (100). HRMS (bl) m 
I C, 9 H ie N20 12 = 466.0860 tound 466.0871 . 

(2S,4R)-»V-(Bcn20xycarbonyl)-2-carboxy-4-hydroxypyrrolidine(45) 

,„,„, a oo,o,oo o, ■•ss M 6 ; ;rrz Ksrr ,™ 5 ir 
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excess solvent evaporated in vacuo* afford a colourless viscous oil (2CL30 g, 1 00%). [«F 0 = - 565- (c 

ST'llS. 1082. 1051 993. 914. 866. 826. 769, 741. 697 cnrL MS (Eft fl* (relatrve ,n,ens,y): 266 <M^1 ) » 
(6), 220 (5). 176 (15), 130 (34). 108 (2). 91 (100). 86 (4), 68 (11). HBMS calcd. for C 13 H 15 NO s - 265.0950 
265.0976 

(2S,4R)-AHBenzoxycarbonyl)-2-methyoxycarbonyl-4-hydroxyproline(46) 

[01511 A solution of (2S .4 Wenzoxycarbony^^ TtZF*££ 
methanol (300 mL) was heated at reflux for 18 hours in the presence of a catalyttc amount of conc_ 0 tn L 

2B0(m'-. 24), 236 (20). 234 (4). 216 (8). 214 (4), 213 (2). 206 (2), 204 (7] 203 (4), 202 (10), 201 (2), (5), X 
102 (23), 91 (100). HRMS calcd. for C 14 H 17 N0 5 = 279.1107 found 279.1192 

(2S.4f?)-N-(Benzoxycarbonyl)-2-hydroxymethyl-4-hydroxyproline(47) 

■ u . „ a -a ii *7 n 7<l mmnri was added nortionwise to a solution of (2S.4fl)-N-(benzoxycarbonyl)- 

Lwedtowarm Jroom temperature and s«r overnight. The rating 

with water (2-3 mL) until effervescence ceased, at whtch point 2 M HCI (15 I was a odea to m 
The product was extracted with ethyl acetate (3 x 1 50 mL) and the oan ^^^^S^ m . 40 4° (C 
100 mL) and then dried (MgS0 4 ). Concentration in vacuo afforded a wh je gum (18 2 o ' 
= 0.043. CHCb). NMR (CDCL,) : 8 1.24-1.26 (m, 1H, H1), 1 73-2 08^ 1H H ^ 3 *° ^1) 55 2 (C3 58.7 
H11a), 5.06 <bs, 1H. OH), 5.09 (s, 2H, H6) 7.25-7.31 <m, 5H, H «n* ^ MJ7JM ,55 ^ = 

,C2), 65.0 (C11), 67.0 (C6), 68.7 (C11a), 127X>. 127.5 ( «W (C om, £5£ J, ^ ^ 

3390 (OH), 3065, 3033, 2953(OH), 1681 (C=0 carbamate , . 1586 ,1538 ^ ^ 1 °* (?) 92 (13)> 

698 673 cm" ' MS (FAB) rrVz (relative intensity): 252 (M* , 58). 208 (33), 176 (b), taa io>. » 
91 (100). HRMS calcd. for C 13 H 17 N0 4 = 251 .1158 found 251 .1230. 
(2S.4B)-Af.Be n zoxycarbony1-2-f-b U tyldim e thylsilyloxymethyl-4-hydroxypyrrolidine(48) 

[01 531 f-butyldimethy^ily. chloride (5.78 g, 38.3 mmo.) and 1 Wbi*^AM^+£^ J ^jgj 
lore added to a solution d alcohol ,47, (12.51 g. 49.8 mmo.) and W^J^^^TSSffitt sir at 
mL) which had been allowed to stir for 15minu,es at room * W ra, "^ e .^ ,m » ^^i, waS hed with 
room temperature for 18 hours and then diluted with ethyl acetat e (300 mL). The organ phase <W > 
aqueous saturated ammonium chloride (2 x 100 mL) and bnne 1 x 100 mU drted W ^ J 6 , H NMR 

uLr reduced pressure to ^^^^^ H5?!h6'. 1:1), 

(CDCI 3 ) : 5 -0.05 and -0.06(s. 6H, rotamers ol H1 , H2 . 1 .1) 0j>3 and 0 lH.H11a), 

> 1 qs 2 22 (m 2H H1 ) 2 78 (bs, 1H. OH). 3.44-3.68 (m, 3H, H3, H11), 3.99-4.10 (m, 1H, H2) ^H^bim. . . i 
.5 6 m. 2H, H6) 7^-7.35 ,m. 5H.H arom) ,3 C NMR (CDC b ): rotamer ratio of 1:1 .5 -5*0 (C . « . « J £1 
ton o 5 83 C1' C2-) 36 55 and 37.27 rotamers of (C1), 55.2 and 55.7 rotamers of (C3). 57.3 ^°f™ 
(C4 ). 25.83 (CI , C2 ), jb.oa a ro tamers of (C6), 69.7 and 70.3 rotamers of (C11a), 127.8 (C 

(C2), 62.8 and 63.9 rotamers ot (C11), 66.6 and 67.0 rotamers oii>o;, ro , am ers ol (C7), 154 9 

Lorn). 127.9 (C arom). 128.0 (C arom), 128.4 (C •^^C~«^f^™£^ ^ (C=0 

S and 55.2 rotamers of (C5). IR (thin film): v = 341 5 (OH) 3066 3034 2953 (OH) 2930. 2884 28 

carbamate). 1587. 1498, 1424. 1360(C-CH 3 ), 1288 <CH 3 S,). 1255 Si S^'P 

917, 836. 774, 751 , 698, 670 cm" V MS (EI/CI) m/e (relatrve .ntens.ty): 366 (M . 100), 308 (14,, , ,. 
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<2S,4fl)-2 -f-butyldlmethylsilyloxymelhyM-hydrojcypyrrolldlne (2) 
[015 4, A slurry o, ,0% Pd/C (190 m9 ) in ethy. acetate (20 

g . 5,9 ^ in ethano, (100 mL). ^ -c r l duce(J pressure to oive a 

removed by vacuum Ultra .on through Celtte ^an excess solve ™ P , H NMR (CDC| ); 5 . (0 07 . 0 08) (m . 

yellow oil inquanlitat.vey.eld (1.20 g, 100 A), c] d - * *• ( * H H 11), 3.47-3.50 (m, 3H, H11a, H3). 

232 (M"*", 100), 230 (13), 174 (5), 133 (6), 86 (6). 
1 1^(Propane-1>d-^^ 

butyldimethyisily!oxymethyl-4.hydroxypyrrolidine (49) 
[0155) A catalytic amount o, DMF (2 drops) - ^^^ 

m mol) and oxa.y, ch-orlde ^^^^^^^'SS^ dissolved In dry THF (20 mL) and 
4 h. Alter evaporation ot excess THF in vacuo, tne resuuam yt m<2 47 q 1 0 70 mmol). Et 3 N 

added droow.se over a period of 25minutes to a vigorous* ^^ZlTZ Showed to warm to room 
(2 50 mL, 17.9 mmol) and ice/water (0.6 mL) cooled .n an K=e bath. The mature .was 

Lperaturc .or a further 1 .5 h. After remove, of the THF by * walef (3 , 25 

(100 mL) and extracted with ethyl acetate (3 x 100 mL). Thecomb.ned oi) ^^j, was pun ,i ed 

L) and brine (3 x 25 mL), dried (MgS0 4 ), and the <M 64%). I A = - 

by Hash chromatography (3% MeOH/CHCI 3 ) to f^*?^™ 18H HT H5' HT). 1 ^-1 .99 (m. 2H, H1), 
i- <c 0.033. CHOI,). 1 H NMR (COa 3 ): % ^2) .6-3 1 9 Jn 4H i«1 J 3.63-3.66 (m. 4H. H3), 

2.14-2.16(m, 2H, H1), 2.19-2.24 (m ; 2H. H13) 2 86-2.89 (m, 2H »V I 25 2H „ 11a) 

3.81 (s, 6H, OMe). 3.99-4.10 (m, 2H H3), 42SMH. J -53 Hz. HI J 4.38 (bs^ ^ ^ g 

6.65 (S, 2H. H6), 7.55 (s, 2H. H9). 13 C-NMR (^^^^{^"S 109 4 C9) 128.2 (Q), 137.2 (Q), 
36.1 (CI). 54.9 (CH 3 0). 56.6 (C4). 57.3 (C1^65 0 C3) 70X C2) 108 0 £6) 10ft ( £ c ^ 

148.1 (Q). 148.5 (Q), 154.5 (Q). 166.5 (Q) IRflhjr ^«^ V = ^ (OH), 2950. 2856. , ^ ^ ^ 

(N0 2 ). 1459, 1432, 1381 , 1338 (C-CHj), 1278 (CH3-S1), 21 (FBu). 1 84 V Bu). 7?g ^ 

778 724 668 649. cm V MS (FAB) m/z (relative intensity) : 894 (M 8) 893 (19). »'* W 
517(3), 459 (5), 258 (7). 100 (3). 86 (4), 75 (29). 73 (100). 59 (17). 58 (6). 

1,,l [ (Pro P ane.1,3-diy.)diox y ]b iS [2-amino-5-methoxy.1,4-phen y lene)carbony.lhblst(2S.4fl)-2-t- 
b'utyldimethylsilyloxymethyl-4-hydroxypyrrolid.ne (50) 

[0156, A slurry o. 10% Pd/C (155 mg) in eth, acetate (20 

l g , 1 .73 mmol) in e.hanol (100 mL). The reaction m.xture was *«»pn«* < > a „ ow o| (50) in 
. mixture was filtered through Ce.ite and the solvent was removed under reduced pressure 0 g ^ 
qu anti,a.ive yiatd (1 .44 g, 100%). 'H NMR (QOCg 80 00 (s 12H W . H2 ) 0.8 (s. « ^ ^ ^ 4jmjb ^ 
(m, 6H. H1, H13), 3.50-3.72 (m. 12H, H2. H3. H11. H11a), 3.74 (s bH^ ^ 
4H H12). 4.49 (bs, 2H, OH); 6.23 (s. 2H. H9), (C9) 1 12.6 (C6), 140.4 (Q). 

166 (44), 150 (8), 100 (10), 73 (100). 

. i,14t(Prop a ne.1 )3 -di y .)d^ 

4R)-2^butyldimethy!silyloxymcthy!^hydro ) (y-pyrrohdine (51) 

[01571 A soiutiono, the bis-amide ,50) (2.76 g, 3.31 mmol) and 

mL) was cooledtoO'C. A.ly. ch.orolormate (O.SOrnL, 7.S3 mmo « di J ed wim DCM (200 mL) 
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H3-. m. H6'), 2.03-2.36 (n, 6H. H1.H13). 3.51-3*8 (m, 6H H2 H3). 3.77 (, 6H. ^^ft^^J 
428-430([n 2H H11a), 4.56-4.60 <m. 6H, H8\ OH). 5.25 (dd. J 12 = 1.5 Hz,, 7,, 3 -«.0« ™» ». 
SSft ^ 2H, He). 7,3 (S, 2H. H9), 8.80 f 2K ^^^^K^^iSi 
C6% 29 2 (CI ,.. 35.4 (C1), 56.3 (CH 3 0), 57.1 (011^59 8 (C 1 , 62^2 (C3 , 65 1 (<™ «-7 I > g eg 

(f-Bu), 1106 (f-Bu), 1053, 1015, 936, 872, 837, 775, 629 : cm' 1 . 

1.1HHP-o^ 
w 2-f-butyWimethylsilyloxymethyl-4-oxo-pyrrolidme(52) 

[0 158] A sdution of dimethyl suboxide (2.10 mL, 28.5 mmol) irv dry KM ^^^J^^ 

added over a period of 1 Sminutes and the reaction m.xture ^ « ^ C ** x 5 0 ml) and brine 

.emperature over 4Sminutes. The mixture was then washed wh ^"g^^l^^Bg. 97%). iH NMR 
(1 x 50 mL) before d^ing (MgS0 4 ) and concentrating ,n vacuo ,o g.v (62 as a yen ow sold (2 g , ^ 
(CDCI3); 5 0.00 (s. 12H, HV, H2-). 0.86 (s, 1BH. H3', H5 , H6), 2.50 £63 (m 6H. HI , , m J. 1 
,o 3.80 (s 6H, OMe), 3.93-3.97 (m. 6H, H11 , H1 1 a), (C DC. i : 5 -5.76 (CV, 

2* Bu). 1105 (f-Bu), 1053, 1010, 937, 870, 837, 808, 778, 674, 657 cm" . 

2 :fi.d!methyls^ l oxymethy l -4-m e tho X yc a rbony.methy l .2,3-d.hydro P yrro.e(53) 

» l0 159, Aso,utiono.di e th,methy.p^^ 

of NaH ,343 mg, 4.21 mmof, 60% dispersion in mineral pe roleum c her) j*y ^ » 

under a nitrogen atmosphere. After stimng at room temperature for 1 a ' s °™°™^ to room temperature 

2.00 mnK,l) in THF (50 mL) was addeddropw.se at 0^ The re^ before 

over 1 8 h. Excess THF was removed under reduced pressure and washed with EtOAc 

35 NaHC0 3 (50 mL) foilowed by E.OAc (50 mL). The layers were separate da d me; 1 JJ^ removed 
(2 x 50 mL). The combined organic layers were washed w,th bnne V*^^^^** (53) as a yellow 
ft, vacotogiveayeilowoil. Flash column 2 P .35-2.40 (m, 2H. H13). 
solid (2.00 g, 88%). «H NMR (CDCI3) : 8 -0.O1 (s, 12H, HI H2 ) 0 83 (6 18H M4 . 
2.65-2.86 (m, 4H, H1), 3.03-3.09(m, 4H, H14) 3.K ! (. 3K OMe) 375 (s£H HI 6^ 4-10 ( ^ 

40 (m, 4H, H12). 4.58-4.70 (m, 6H, W, »"•>• V 8 5 K (CI 1 , C2'), 18 0 (C4% 25.7 (C3\ Cff. 

6.74 (s, 2H, H6). 7.80 (s, 2H, H9), 8.75 (s, 2H, MH). ^ ™R f DCI 3 • * 5-K (C . £ ^ g 

C6'), 28.7 (C13), 33.8 (C14), 34.6 (C1), 51 .9 (CH 3 0), 56.5 (C16), 62.2 (C11). «_ 2 <£ 2 ) !JJ „ ' y = 3402 

(C6) 117.9 (C10-), 128.2 (C3). 132.5 (C9"), 143.9 (Q), 150.7 WSM ^®-! 9 ( ^ 7 ° i ;i Q ^75%. 1221. 

OH). 2954, 2857, 1735 (ester), 1726 (Alloc C=0), 1642, 1600, 1526 J «^ i ; r j; | ^ l 1 e 3 n ^.^ fj nl ion, 496 
« 1201 (f-Bu). 1112 (-BU), 1048, 1010, 934, 866, 836 776 cnv . MS FAB) mft £M« « P ^ 

(10), 482 (9). 455 (11), 441 (13), 232 (12) 206 (19) 204 ( 0) >• ^ J3 (77) , 61 

(17), 150 (16), 149 (100),. 147 (17), 140 (20), 131 (18), 103 (22). 91 (47), 89 (<</), I 

(39), 57 (53). 

2-hydroxymcthyl-4-mcthoxycarbonylmethyl-2,3-dihydro P yrrole (54) 
,0160) Hydrofluoric acid.^ 

in THF (10 mL) under a nitrogen atmosphere ^J^^J^^ wim Na HC0 3 un.il evo.ulion of CO, 
55 ,0 warm to room temperature over 1 h. The reaction morture « as n «™ e (1 20 mL) a 3 nd lhen dried (MgS0 4 ). 
ceased. The product was extracted with DCM (3 x 30 mL)_ washed > , H NMR (CDC y : 5 

Removal of solvent under reduced pressure gave the product * 9 "„ ^ Me) °' 7 4-3 78 (m. 4H, H11). 3.81 

2.39 (m, 2H. H13), 2.95-2.99 (m, 4H, HI), 3.09-3.12 (m, 4H, H14), 3.68 (s, 3H, OMe), 3 /4 3. 10 
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^ l^ov .com / ccu 7 4H 4 73-475 (rn.2H.H11a), 5.31-5.38 (m t 4H t H10'), 
(s. 6H, H16), 4.28-4.34 (m..4H,Hl2), 4.62 (d. J = 5.5 H ^ 4 "' ™ „ * 8 57 (s 2H NH). 13 C NMR (CDCI3): 

5.96-6.02 (rn.2H.H90. 6.39-6.50 <m,2H.H3). 6.80 J- 2«- ™>J ^^Se^Cg) 1118(C), 118.1 

6 28.8 (C13). 33.5 (C14). 35.5 (CI). 52.1 (CH 3 0) f .6 (C16), W »■ ° J» ' 1 ^ ^ 3416 QH 2953( 

(24), 80 (70) : 73 (28). 57 (30). 

2 3Thydro P yrroie.1,3.11a.trihy«r,-5H.pyrro l o[2 ! 1.cni.4]bezod,aze P .n.5^,ne(55) 

[0 161, A sofufion o, dimethy, suboxide (0.27 nL. 3 82 ^^^0^)^ 
5minutes period to a stirred, cooled (-45-C) soluhon of oxa 0 '" m ^ f^opwise over a period of 

35minutes, a solution of substrate (54) (600 mg, 06B mmo.) m ^^^ii^n ml, 5.42 mmo.) in DCM 
, sminutcs to the reaction mixture a, -4S"C. After 45m,nutes a soluhon of ^^'Stor 30minutes before being 
00 mL) was added over a period o, andtrie.ayers 
allowed to warm to room temperature over 45nr. nu.es_ ^ ^™ x 50 mL) be)ore drving (M gS0 4 ) and 

separated. Trie organic layer was washed with 1 M HCI (3 50 m^ and D t > 

concentrating In vacuo. Flash column chromatography (1.5 ^eOH/CH C 2 ) _aflord y y ^ 
( u po.3 D = + 69" (c 0.484. CHCI3). iH NMR (CDC. 3 ) BJ 35 -2 63 ( m 2 HJ ™). J * 3.«> Jn . ^ ^ 
H14). 3.71 (s, 3H, OMe), 3.86 (s, 6H, H16), - .21-4.40 (m . 4H_ HI* m , 2H , H3) , 6 89 (s. 2H. 

5 26 5.30 (m. 4H. H10'), 5.77 (d, J= 8.61 Hz, 4H. H11) 5.90-S.9B (m <L» 1. 

H9), 7.22 is. 2H, H6). «C NMR (CDCy 5 28.8 (C13), 33_ C14, £5 ™ ^^JJJ, { > , 167 < 3 (O). 
1 66.0 (C8'), 105.6 (C9), 111.8 (C6). 118.1 (C10). 128.1 (C3) 132 .5 (C9 ) 14 \h ^ 

170.7 (Q) IR (neat): v = 3583, 3412 (OH), 1730 (ester). 1713 JMoe ^ 218 (13 ), 206 (23). 

l'.3.11a.trihydro-5H-pyrrolo|2.1-c]I1,4lbezodiazepin-5K)ne(56) 

l0 16 2] A catalytic amount of tctrakistrtpheny1phosph»nepalla^^um(0) (1 6 ^^^* ^^^j ^^^pyXc^it^ne e (^*<^ a r"L,' l o'80 
, 5 of carbinolamine (55) (21 9 mg, 0.25 mmol). tnphenylphosphine (7 mg 02E — a P > ^ ^ 

mmol) in dry DCM (30 mL) a. 0°C. The reaction m.x.ure was s. *e to 2 hours before be g 
temperature over 1 h. The solvent was removed in vacuo "^^.^S^SSJ (c 0.043.CHCI 3 ). <H NMR 
raphy (2% MeOH/CH 2 C. 21 R, - 0.25 ) to yieW a ycffow glass ( 0 mc ^ M - ^ ^ ^ 

(CDCI3): 5 2.17-2.42 (m, 2H. H13), 3.15-3.32 (m, 8H HI H14) 3.73 (s 3H OMe J. 3^ ( , ^ ^ 

.0 6H, H12, H11a), 6.84 (s. 2H, H9). 6.92-7.06 ^* J^l. Jctl^'56 2(Cte) 65 4 (C12), 110.9 (C9), 111.8 (C6), 
(CDC.3): 528.7 (C13). 33.6 <C14), 37.4 (CI), 52 2 ; CH3O). 53^8 <C11 ^f.^^,^ 3394 2997,2950. 
126.5 C3), 140.2 (Q), 148.0 (Q).151 .0 (Q). 1614 (Q) 162 .< (C1 J* 1 ^?^ «2 1197. 1152. 1068. 995. 963. 
1736 (ester). 1717 (Alloc C=0), 1628. 1596, 1511^ 48= 1451 43 1^ 382. 1273 1245 ^ ^ ^ 

914 842, 753 cm" V FABMS m/z (relative intensity): 673 (M* , 2), 279 (5). in w. \ 

« 93 (100),' 91 (24), 75 (28), 73 (20), 61 (12), 57 (33). 
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Example 1(g) : Synthesis of (lla^^lla-dihydro^^imethoxy^ - ethenyl-SH-pyrrolo^^-clCI^] 
benzodiazepin-5-one (See Figures 6a/b) 



[0163] 



MeO 



MeO 




DRH360 A^(4 ? 5-dimethoxy-2-nitrobenzoyl)hydroxyproline methyl ester (169) 



[0164] Oxalyl chloride (15.38 g, 121 .11 mmol) was added in one portion to a stirred suspension of 2-nitro-4,5-dimeth- 
oxyben/oic acid (34) (25.01 g ; 110.10 mmol) in anhydrous OCM (100 mL) al room temperature. A catalytic amount of 

20 DMF (2 drops) was added (CARE! - increased gas evolution) and the reaction mixture was allowed to stir for 16 hours 
under an inert atmosphere. The acid chloride solution was added dropwise to a vigorously stirred solution of the pyrrolo 
C-ring (168) (34.90 g, 1 1 0.1 0 mmol, JOC 5, 1 3, 1 994 : 3621) and TEA (45.95 mL, 33.36 g, 330.29 mmol) in anhydrous 
DCM (100 mL) at »20°C. The reaction mixture was allowed to stir for 16 hours at room temperature. The reaction 
mixture was washed with saturated NaHCO a (2 x 200 ml), saturated NH^CI (2 x 200 mL), water (2 x 200 mL), brine 

25 (2 x 200 mL) and dried over anhydrous MgS0 4 . Filtration and evaporation of the solvent in vacuo afforded the crude 
product (169), which was purified by flash column chromatography using EtOAc as eluent. Pure fractions were com- 
bined and evaporation of excess eluent in vacuo afforded the product as a foam (33.26 g, 93.9 mmol, 85%). 1 H NMR 
(270 MHz, CDCI 3 ) d 7.69 (s, 1H), 6.87 (s, 1H), 5 31 (s, 2H). 4.97-4.82 (m, 1H), 4.44 (br s, 1H), 3.99 (s, 3H), 3.98 (s, 
3H) 3 81 (s, 3H), 3.54-3.48 (m, 1H). 3.18 (d. 1H, J= 2 02 Hz), 2.87 (br s, 1H), 2.45-2.16 (m, 2H); NMR (67.8 MHz, 

30 CDCI 3 )d 172.6, 172 5. 167.5, 166.8. 154.4, 154.0. 149.3, 137.5, 137.4, 127.0, 126.2, 109.5. 107.2, 107.1.69.9, 69.1, 
59.2, 57.4, 56.9, 56.8, 56.6, 56.4, 54.6 T 53.5, 52.5, 52.4, 39.4, 38.0. 

(1 1 aS)-67-dimethoxy-2(ff)-hydroxy^^^ 
benzodiazepine (170) 



[0165] 10% Pd/C catalyst (3.3 g) was added to a solution of 169 (33.0 g, 93.1 mmol) in absolute BOH (250 mL). 
The reaction mixture was hydrogenated under pressure using a Parr hydrogenator at 55 psi H 2 for 18 h. The reaction 
mixture was filtered through celite, and the celite washed with hot MeOH, taking care not to allow the filter cake to dry 
out. Removal of excess solvent afforded the crude product (20.14 g). The crude product was allowed to stir in 1 N HCI 
40 (200 mL) and CHCJ 3 (200 mL) for 30 minutes. The organic layer was washed with 1 N HCI (1 00 mL) and the aqueous 
layers were combined and neutralised with saturated aqueous NaHC0 3 . On leaving the aqueous extract overnight, a 
fine white precipitate formed (170) which was collected by filtration and dried (7.81 g. 26.72 mmol, 29 %). 'H NMR 
(270 MHz CDCI 3 ) d 10.06 (s. 1H t NH), 7.61 (s, 1H, ArH), 7.36 (s, 1H, ArH), 4.49-4.41 (m, 1H, 2), 4.22-4.17 (m, 1H, 
11a), 3.88 (8, 6H), 3.82-3.55 (m. 2H, 3), 3.20 (br S, 1H, OH), 2.87-2.77 (m, 1H, 1), 2.10-2.05 (m, 1H, 1); 13 C NMR 
45 (CDCI3) d 170.2 : 165.9, 152.0, 145.7, 130.7, 118.2, 111.9, 104.2, 68.1, 56.0, 55.6, 54.2, 34.6, 18.8. 

(1 1aS)-6 J-dimethoxy-2(fl)^ 
[2,1 -c)[1 ^benzodiazepine (1 71 ) 

50 [0166J Solid TBDMS Chloride (8.22 g, 54.44 mmol) was added in one portion to a solution of 170 (7.23 g, 24.74 
mmol) and imidazole (8.42 g, 123.72 mmol) in anhydrous DMF (75 mL) end allowed to stir at room temperature for 16 
h. The reaction mixture was poured into water (500 mL) and filtered to afford the crude product (171 ), which was purified 
by recrystallisation from EtOH (800 mL) as fine white needles (6.995 g. 1 7.21 mmol, 70 %). 1 H NMR (270 MHz, CDCI 3 ) 
0 10 06 (s 1H NH), 7.37 (s, 1H, ArH). 6.68 (s, 1H, ArH), 4.19-4.14 (m, 1H, 2), 4.06-4.01 (m. 1H, 11a), 3.90 (s. 3H, 

55 OMe) 3.88 (s 3H, OMe), 3.69-3.63 (m, 2H, 3), 2.85-2.80 (m, 1 H, 1 ), 2.05-2.01 (m, 1 H, 1 ); 13 C NMR (67.8 MHz, CDCI 3 ) 
5170.4,170.2, 165.9, 152.1,145.8,145.6, 131.1, 130.7, 118.1,111.9,104.3, 104.1,69.2.69.1.56.0,55.9, 55.7,54.3, 
54.0, 35.0, 25.8, 25.7, 25.6, 17 9, -3 0, -3.5, -4.9, -5.0. 
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(11aSV67.dlroethoxy-2(flH(f«+butyld!me^ 

ethoxymethylJ-5,1 1-dioxo-1 H-pyrrolo[2,1 -c][1 ^benzodiazepine (172) 

[01671 A solution 0(171 (6.50g 15.99 mmol) in anhydrous DMF (27.5 mU was added dropwise to a stirred suspen- 
sion of NaH (0 422 g 0 704 g ot a 60 % dispersion in mineral oil, 1 8.34 mmol) at 0°C and the reaction mixture was 
allowed to stir lor 30 minutes. A solution ol SEM chloride (3.11 mL. 2.93 g, 17.59 mmol) in anhydrous DMF (5 mL) was 
added dropwise to the stirred reaction mixture at 0°C and allowed to stir at room temperature (or 16 h. The leaction 
mixture was poured into water (200 mL) to afford a white precipitate, which was extracted with diethyl ether (4 x 300 
mL) The organic layer was washed with water (2 x 50 mL), brine (2 x 50 mL) and dried over anhydrous MgS0 4 . 
Filtralion and evaporation of the solvent in vacuo afforded the crude product, which was purified by flash column chro- 
matography using an 80:20 mixture of petroleum etherrEtOAc as eluent. Pure fractions were combined and evaporated 
in vacuo to afford the product (172) as a yellow oil (7.01 g, 13.1 mmol, 82 %). NMR (270 MHz, CDC! 3 ) 67.35 <s, 
1H, ArH), 7.24 (s, 1H, ArH), 5.52 (d, 2H, J= 9.89 Hz, SEM amino ace.al CH 2 ). 4.65 (d, 2H, J= =9*0 Hz SEM amino 
aceta. CH 2 ), 4.61-4.56 (m, 1 H, 2), 4.23 (dd, 1H, J-- 4.40 Hz, 8.24 Hz, 11a). 3.94 (s. 3H, OMe). 3 92 £ 3H, OM<^68 
,m. 4H, SEM V CH 2 + 3). 2.86 (m, 1H, 1), 2.02 (m, 1H, 1), 0.98 (t, 2H. J= 825 Hz. SEM Z CH 2 ), 0*8 . (S 9H. 1 BOMS 
l-Bu CH 3 ) 0.10 (s. 6H, 2 xTBDMS SiCH 3 ), 0.03 (s, 9H, 3 x SEM SiCH 3 ); NMR (67.8 MHz, CDCI 3 ) 5 170.0, 165.6, 
151.8. 147.1, 133.9, 121.5, 111.2, 105.5,78.1,69.6,67.0, 56.5, 56.2,56.1,53.6, 35.5,25.7, 18.4, -1.3, -4.8. 

(11aS)-6 > 7-dimethoxy-2(f?Vhydroxy-2,3 l 5.10 ) 11,11a-hexahydrc>-10-[2-(trimethylsilyl)ethoxymethyn-5,11-dioxo- 
1 H-pyrroto[2,1 -c][1 ,4-]benzodiazepine (173) 

[01681 A solution of 1 N TBAF in THF (1 9.58 mL, 19.58 mmol) was added to a stirred solution of 172 (7.0 g 13.05 
mmol) in THF (50 mL) . The reaction mixture was allowed to stir at room temperature tor 2 hours and d.luted with DCM 
(200 mL) washed with water (2 x 200 mL), brine (2 x 200 mL) and dried over anhydrous MgS0 4 . Filtration and removal 
of excess solvent afforded the crude product, which was purified by flash column chromatography us.ng S0:5C ) petro- 
leum etherEtOAc as eluent. Evaporation in vacuo ol the pure fractions afforded the product (173) (5.9 g). H I NMR 
(270 MHz. CDCy 5 7.30 (s, 1H, ArH), 7.24 (s, 1H. ArH), 5.52 (d, 1H, J = 9.9 Hz, SEM amino acetal CH 2 ) 4.68-4.64 
m, 2H, SEM amino aceta, CH 2 + 2), 4.30 (dd, 1H. J= 5.86. 8.24 Hz). 3.91 (s, 3H, OM.^3.90 (.. 3H OMe) 3.87^ 
m. 4H, SEM VCH 2 + 3), 2.95 (dt, 1H, J= 531. 13 56 Hz. »). 2.17-208 (m. 1H, 1), 1.02-0.93 (m, 2H, SEM 2 CH 2 ). 
0.03 (s. 9H, 3 x SiCH 3 ); «C NMR (67.8 MHz, CDCI 3 ) 8 169.7, 165.9, 151.9, 147.1. 134.0, 121.1. 111.2. 105.5. 78.2. 
69.1 , 67.1 . 56.5. 56.1 , 53.9. 34.9, 18.4, -1.3. 

(11aS>6J-dimethoxy-2,3 l 5,10,11,11a-hexahydro-10-l2-(trimethylsilyl)ethoxymethyn-2,5.11-trioxo-1H-pyrrolo 
[2,1-cl[1,4-lbenzodiazepine (174) 

[0169] Anhydrous DMSO (3.28 g. 41 .94 mmol) in dry DCM (20 mL) was added dfopwise over 5 minutes to a stirred 
solution ot oxalyl chloride (10.48 mL of a 2 N solution in DCM. 20.97 mmol) under a nitrogen atmosphere at -50 C 
After stirring for Sminu.ess, a sofution 173 (5.90 g, 13.98 mmol), in dry DCM (45 mL) «*^_ d «£j^ ™ 
45minutesutes to the reaction mixture, which was then stirred for a further 45minutesutes at -50 C. TEA (9.89 g, 97.8/ 
mmol) was added dropwise to the mixture over 15 minutes followed by stirring for a '^J 5 ™™' 0 !^ . . 
[0170 The reaction mixture was left to warm to room temperature, diluted with H 2 0 (1 50 mL) and DCM (1 00 mL). 
The organic phase was washed with 1 N HCI (2 x 100 mL), water (2 x 100 mL). brine (2 x 100 mL) and dried over 
MgSO; Filtralion and evaporation afforded the crude product (174), which was purified by flash column chromatog- 
raphy using 50:50 petroleum ether (40-60-):E.OAc as eluent. Evaporation of the pure fractions mvac a«°'ded the 
product (4.33 g, 10.3 mmol, 74 %). 'H NMR (270 MHz, CDCI 3 ) 5 7.30 (s, 1 H, ArH), 7 .24 I <S 1H, ArH) 5*0 <d 1H J = 
9.89 Hz, SEM amino acetal CH 2 ). 4.69 (d, 1H, J= 9.89 Hz, SEM amino ace.al CH 2 ), 4.62 (dd 1 H. J = 9.89 3.12 _Hz 
11a) 4 26-4 19 (m 1H 3), 3.95 (s, 3H, OMe), 3.94 (s, 3H, OMe), 3.81-3.49 (m, 4H, SEM 1 CH 2 •■• / + 3), Zf**-" 
(m 1H 1 ) 0 95 lr 2 H, J =2.0, Hz. SEM 2' CH 2 ), -0.04 (s. 9H, SEM CH 3 ); «C NMR (67.8 MHz, CDCI 3 ) 5 206.8. 1 68.8, 
165.9, 152.4, 147.5, 134.0, 120.4, 111.1, 105.6, 78.2, 67.2, 56.2, 54.8, 52.3,37.3, 18.3, -1.3. 

(1 1aS)-5,1 0,1 1 ,1 1 a-tetrahydro-7,8-dimethoxy-1 0-[2-(trimethylsilyl) ethoxymcthylJ-2-l[(trrf luoromethyl) 
sulphonyl]oxy [-5,1 1 -dioxo-1 «-pyrrolo[2,1 -c][1 ^[benzodiazepine (1 75) 

(01711 Anhydrous pyridine (0.46 mL. 0.452 g, 5.73 mmol) was added in one portion to a vigorously stirred solution 
of 174 (2 0 g 4 77 mmol) in anhydrous DCM (100 mL) and the mixture left to stir for 10 minutes at room temperature. 
Anhydrous triflic anhydride (1 .25 mL. 1 .48 g, 5.25 mmol) was added qutokly. in one portion, and the reaction mixture 
was allowed to slir a. room temperature for 4.5 h. The darkened, homogenous reaction mixture was poured -n.o cold 
saturated NaHCQ 3 (200 mL) and the mixture was extracted with DCM (3 x 50 mL). The organic layers were combmed. 
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washed whh water (2 * 200 mL). brine (2 x 200 mL) and dried over anhydrous MgSQj. ™7boZ 
afforded .he crude product, which was purified by flash column chromatography us.ng 80:20 petroleum etherEIOAc 
as eluen,. Evaporation c, the pure fractions to vacuo afforded the product 175) as a y*m ■ - d £0. «5 mmo.. 68 
%) 1H NMR (270 MHz, CDCI 3 ) 5 7.29 (s, 1H, ArH). 7.23 (s, 1H, ArH). 7.15 (t. 1H, J = 2.01 Hz, H3). 5.53 (d, 1H, J- 
10.07 Hz, SEM amino acetal CH^, 4.68 (d, 1H. J= 9.89 Hz, SEM amino acetal CH 2 ). 

(11 aS)-7,8-dimethoxy-2-ethenyl-5,1 0,1 1 ,1 1 a .tetrahydro-10-(2-(trimethylsilyl)ethoxymethyl)-5,1 1-dioxo-1 H- 
pyrroto[2,1-c][1,4]benzodiazepine(176) 

[0172] A catalytic amount of tefrakistripheny.phosphine palladium [0] (4 mol% 0.142 g 0 123 mmo.) was added to 
l a stirred mixture of 175 (1 .69 g, 3.0, -mol), LiCI (0.39 g, 9.19 mmo.), and tributytv.nymn (1 . 6 mL, 1.26 ^ 3.98 mmo 
in anhydrous THF (1 00 mL) and hea.oo at reflux for 2.5 h. The cooled reaction m.xture was diluted wfl DCM ( 0 i mL) 
and the mixture washed with 10 % aqueous ammonium hydroxide (200 mL). The "9™%"™ J^S "e crude 
(2 x 200 mL) and dried over anhydrous MgS0 4 . Filtration and evaporation of the solvent m vacuo a« orded ^ <™°J 
product which was further purified by flash cotumn chromatography using a 80:20 mixture of Pj^J^t 
as elue .. Pure fractions were combined and evaporation of the solvent « ^Horded the product ( 17( ) as a 
colourless oil (0 992 q 2 312 mmol, 75.5 %). %). *H NMR (270 MHz, CDCI 3 ) 6 7.32 (s, 1H, ArH), 7.22 (s. 1H ArH , 
6 t TlH Z 51 <dd H. J- 0.62, 17.22 HZ, a.kene CH), 5.51 (d. 1H, J- 10.07 Hz, SEM ammo ace a CH 2 . 
5 20 d H jl'lzA Hz, a.kene CH 2 ), 5.15 (S, 1H, a.kene CH 2 ). 4.66 (d, 1H. J- 9.B9 Hz, SEM am,no « ceta. C H 2 ) 
AM dd. 1H, J -3.30, 10.62 Hz, ml), 3.90 (s, 3H, OMe), 3.89 (s, 3H, OMe] . 3.82-3 « MH J IE* 
2.91-2.82 (m 1H. H1), 0.96 (t, 2H, J. 8.42 Hz, SEM 2' CH 2 ). -0.04 (s. 9H. SEM CH3) «C NMR (67_8 MHz, CDC« 
5 169.3, 161 .8, 152.1 , 147.3, 133.8, 129.8, 126.0, 125.1 , 121.2, 115.1 . 111 4, 105.9, 78.5, 67.1, 57.6, 56.2, 56.2, 29.6, 
18.4, -1.34. 

(11aS>-1,11a-dihydro-7,8-dimethoxy-2-ethenyl-5H-pyrrolo[2,1-cl[1 > 4]l>en Z odiazepin-5-one(177) 

[0173] Sofld sodium tetraborohydride (NaBH 4 , 81 mg, 2.175 mmo.) was added in one " ^ »^ 

solution of 176 (101 mg, 0.233 mmo.) in a mixture ol anhydrous EIOH (2 mL) and anhydrous THE (4 mL 1 room 
empemture and al.owed to stir for 4 h. The reaction mixture was diluted wi.h ^ P^"^^^ 
(3 x 5 mL). The organic layers were washed with brine (10 mL) and dried over a ^™« ^«^ W " ""1^ 
Lion afiorded the crude product, whfch was stirred for 30 minutes wit silica ge (0^25 g M» MjOHJ «J) Excess 
methanol was removed by rotary evaporation, causing the crude product to be absorbed onto the silica gel. I ne plug 
T ica e^added to the top o, a'slica ge. co.umn and the product was P^^J^SS^SS^ 
eluting with a 60:40 mixture of petroleum elhenEtOAc. Pure fractions were combmed 

in vJuo afforded the product (177) as a yellow sotid (33 mg, 0.116 mmo. 50 1 %). 'H NMR (270 MM ^ CDCg 5 7.86 
(d 1H J- 3.84 Hz, ™ine CH), 7.50 (s, 1H, ArH), 7.05 (brs, 1H, H3), 6.82 (s, 1H, ArH) £58 (dd 
Hz a.kene CH). 5 2O-5.05 (m, 2H, alkene CH 2 ), 4.39-4.31 (m, 1H, H11a), 396 (s 3H. OMe). 3_94 (s 3H OMe). 
3.39 3.12 (m,2H. HI); *C NMR (67.8 MHz, CDCtj) 8 162.7, 161.5, 151.9, 147.8. 140.4, 129.9, 126.9, 123.9, 118.9, 
114.4, 111 .6, 109.8, 77.3, 56.2, 53.9, 33.7. 

Example 1(h) : Synthesis of ( li a S)-1.11a.dihvdro-7,8K l imethoxv-2-(4-methox V phen y IV5H-pyrrolo[2,1-oH1,4 ] 
benzodiazepin-5-one (See Figures 6a/b) 
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(1 1aSV7.8.d i methoxy.2.(4- m ethoxyph en y.)-5.10,11,11a-tetr a hydro.10.(2.(trimethy. S ihr<) e tho X ymethyl)- 
5,11-dioxo-1H-pyrrolo[2,1-cH1,4]benzodiazepine (178) 

101751 A solution of para-methoxyphenytboronic acid (301 mg. 1 98 mmol) in OME (10 mL) was added to a stirred 
So o'vTn , t^IZS - see example 1(g)) (7,5 mg, 1,9 mmo.) 

An aqueous solution of Na 2 C0 3 (2 N, 9.9 mL) was added followed by UC (178 mg. *- 1 ^^^^S!d h " 
nylphosphine)pallad,um(0) (5 mo.%, 81 mg) and the mixture was stirred for 1 hour at room n empo ra u£oll wed by 
heating at reHux for 1 h. After concentration in vacuo, the residue was resuspended ,n a mixture tf DCM (5 mL) 
aoueous 2 N Na,C0 3 (50 mL) and cone. NH 4 OH solution (3 mL). The aqueous layer was extracted w.th DCM (3 £ 20 
Xndthoc^nedorganic^xtractsweredriedoveranhyd^ 

which was purified by Hash column chromatography on silica get eluting with 60:40 petroleum ethe E,OA ^ Pure fr ^ 
SJJS comSed" and evaporation o, the'solvcn, in vacuo afforded the product (1 78) as . ^ <£> J* 
1 095 mmol 85 %) 'H NMR (270 MHz, CDCIJ 6 7.40-7.35 (m, 3H, ArH Suzuki ArH), 7.33 (t, 1H, J- 201 Hz HJ), 
7 27 ( s Th ArH) 6 88 (d, 2H, J- 6.93 Hz, Suzuki ArH), 5.56 (d. 1H. J- 989 H Z , SEM amino^etal CHjjk 4-71 (d , 
M t 9 89 Hz, SEM amino aceta, CH 2 ). 4.63 (dd, 1H, J- 3.30, 10.62 Hz, H11a) 3. IOK OMe . 3.94 (s 3H 
OMe) 3 87-3 65 (m, 6H, SEM V CH 2 + H1 4 Suzuki ArOMe), 3.14 (ddd. ,H, J= 2^8 10 62. 1 b 12 Hz. HI) 0* 6 (t. 
» 8.42 Hz, SEM i CH 2 ), -0.04%, 9H, SEM CH 3 ) ; «C « » ^ J 1 £ ^ ^ 
147.3, 133.7, 126.5, 126.1, 125.4. 121.3, 120.2, 114.1. 111.3, 105.8. 78.4,67.1,57.5.56.2.56.2.55.3,31.5.18.4, 

(1 1 aS)-1 ,1 1 a-dih y dro-7,8^ime1hoxy.2-(4-methoxypheny t)-5H-pyrro.o[2,1 -c)[1 .^benzodiazepin-5-one (179) 
[0176] Solid sodium tetraborohydride (NaBH,. 70 mg. 1 88 mmol) was added in one portion ' to « "JJ^" 

di room icrfipe.cnu^ Ctr ,^ /n v m mM The oroanic layers were washed with bnne (10 mL) 

noi to n n\ Thp mixture was extracted w th EtOAc 3x iu mL). i ne oryamu 

^rL^ 

(lash column chromatography eluting with a 50:50 m.xture of petroleum ^ erEt ^J*"^™ S 3* , H NMR 
and evaporation ol the solvent in vacuo afforded the product as a f "VfaX H3) 7 33 ( d 2H 

,270 MHz. CDC. 3) ft 7.89 (d, 1H. 4.03 Hz, .mine CH). 7.53 (s. 1H, ArH), 7.39 (.. 1H . J ^ 83 H? ^ 3 6 ( m * H \ 
J- 8.97 Hz. methoxypheny. ArH), 6.91 (d, 2H. J- 8.98 Hz, methoxypheny ArH) J B 8 3 ^'^^i NMR 

H11a). 3.97 (s 3H. OMe). 3.94 (s. 3H, OMe), 3.91-3.79 (m. 4H. H1 * ^^^^^'^ 3 141 
(67.8 MHz, CDCI3) 5 162.7. 161.3, .59.2. 151.8. 147.8, 140.4, 126.3, 126.2, 126.0, 125.9, 123.2, 121.9 114.3, 114.1. 

111 .6. 109.8, 56.2. 56.1, 55.6. 35.6. 

^amj^j^^ 
5-one (See Figures 6a/b) 



[0177] 



MeO 




> ( 1,aSh7,8<H m etho X y.2-pheny|.5,10.11.1^^ 
pyrrolo[2,1 -c][1 ^benzodiazepine (1 80) 

[0178] Phenylboronic acid (334 mg, 2.74 mmo,. 2.54 eguiv.), Ma 2 C0 3 (343 4 ^^^^^^ 
ny.phosphine) palladium(O) (49.9 mg, 2% mmol) was added to a solution of the Inflate (175 - see e amp « M »H 
3 mg 1 .08 mmo.) in ethano! (21.6 mL) water (21.6 mL) and the reaction mixture was a Jowe I to st.r at roon 

,or 2 hrs. The reaction mixture was diluted with ethyl acetate (200 mL, washed wrth wet er (2 ■> 200 mL) Jbnnej^ 
ii and dried over magnesium sulphate. Oration and e = ,ion o, excess Jjjjj oota'e) 

which was subjected to flash column chromatography on silica gel (70 /<, 40-60 petroleum etner. o y 
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15 



20 



,47 3, 133.9. 132.7, 128.7, 127.6, 125.7, 121.8, 121.1, 111.3, 105.8. 78.4, 67.2, 57.6, 56.2, 31.3, 18.4, 1.3 
(11aS)-1,11a-dihydro-7,8^imethoxy-2-phenyl-5H-pyrrolo[2,1-cl[1,4lbenzod.azepin-5-one(181) 

[0179] So.id sodium tetraborchydride (287 mg, 7.6 mmo.. 10 equiv.) was added 
and evaporation o( excess solvent afforded the crude product as a orow 

gel. 70% 40-60" petroleum ether, 30% ethyl acetate yield the final product H271 mg 0.7/ , 74%) 

(M + ' +1) 335.1398 : found 335.1396 

2<aj : Synthesis o, the ggodo^n^^ 

[0180] 
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(S)-^(AHyloxycarbony1)-2.(fert-butyldirnethylsilyloxymethylH-rnethylid ene pyrro.idine(57) 
[0181J Po.ass ium ^b Ul ox*e(4,0m^ 

of methyltriphcnylphosphonium bromide (7.29 g, 204 mmo.) mTHF 20mL) a, C («» ce ) 9^ ^ 

stirring for 2 hours at 0°C, a solution of the ketone 16 (example 1(b) (3 20 g 10_2 mmo. m l j 
dropwise and the mix.ure allowed to warm to room «^^» S ler s^ed washed with brine, 
mixture was diluted with EtOAc (150 mL) and water (150 mL) and ' he ° ^^SfTPO Tormed upon standing in 
dried (M 9 S0 4 >, filtered and evaporated in vacuo *f >^ as a co.our. 

tess oil 2.76 g, 87%): (a] 21 D - -22.2 - U.^> ; ^ n ^« * ph-PH \ 5 21 <dd 1H Js 1 .46, 10.40 Hz, 

NC0 2 CH 2 C*CH 2 ), 5.31 (ddd 1 S^^^SS^ «■«*" ^ ^ 

NCO*CHoCH=CH 2 ), 4.99-4.61 (m. 2H, NCHjjC^Cfy , 4.60 \0, <in, J ^ • 2 z H 
NChSh 2 OTBD M S 2 ). 3.93-3.87 (m, 1H, NCHCH^JTBDMS), 3.66-3.42 *j» i R ^^ ^ ^.iers) 3 
NCH 2 C=CH 2 CH 2 ), 0.87 (S, 9H, SiC(CH 3 ) 3 ), 0.03-0.02 (m 6H, J ' (NCO % CH = CH 2 ), 

154.4* p^O-O). 145.1 and 144.1 ( NCH 2 C=CH 2 ) mi ^0 2 CH 2 CH =CH 2 ) 11 ™^£2mD»W. 58.7 and 
107.5 and 106.9 (NCH 2 C-CH 2 ), 65.8 and 65 ^^^^ 18 .2 ( SiC(CH 3 )3), 
58.3 ( N O.CH 2 OTBDMS), 51 .1 (NCH 2 C=CH 2 ) 34.9 and 34* g^^^^, 25 4 (M-OC 3 H 5 or M-'Bu, 

S^SS'JT^W« « s ~ 14eV 1404 <SiCH3> ' 1360, 13101 

1252 (SiCH 3 ), 1207, 1174, 1103, 1076, 1006, 836, 778, 680 cnr'. 
(2S)-2-(fe^butyldimethylsllyloxymethyl)-4-methylid e nepyrtolidine(58) 
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gas evolution immediately ensued. The mixture was stirred for 16 hours at room temperature under nitrogen at which 
point TLC (50% EtOAc/Petroleum Ether) revealed the formation of amine. After diluting with CHgCI^ (30 mL), the 
organic solution was dried (MgS0 4 ). fillered and evaporated in vacuo to give an orange oil which was purified by flash 
chromatography (50-1 00% EtOAc/Petroleum Ether) to afford the amine 58 as a slightly orange oil (0.56 g, 77%): {a) 21 D 

5 s -3.9 • (c = 5.0, CHCI 3 ) ; 'H NMR (270 MHz, CDCI 3 ) 5 4.93 (t, 1H, J= 2.02 Hz r NCH 2 C=CH 2 ), 4.90 (t, 1H : J= 2.02 
Hz. NCH 2 C=CH>), 3.68-3.46 (m, 4H, NCHCH,OTBDMS and NCH 2 C=CH 2 ), 3.30-3.21 (m : 1H, NC/-CH 2 OTBDMS), 
2.53-2.41 (m, 2K NCHpC-CH 2 Ctf 2 and NH). 2.26-2.17 (m, 1H, NCH 2 C=CH 2 CH 2 ), 0.90 (s : 9H, S\C(CH^ 3 ) t 0.06 (s, 
6H, Si(CHj) 2 ); NMR (67.8 MHz : CDCI 3 ) 5 150.0 (NCH 2 C=CH 2 ), 104.7 (NCH 2 C^CH 2 ), 64.7 (NCHCH 2 OTBDMS). 
60.5 (NCHCH 2 OTBDMS) ? 51.3 (NCH 2 C=CH 2 ), 34.9 (NCH 2 C==CH 2 CH 2 ), 25.9 (SiC(CH 3 ) 3 ) r 18.3 (SiC(CH 3 ) 3 ), -5.4 (Si 

10 (CH 3 >2)' MS (El), mfc (relative intensity) 227 (M*~, 8), 212 (6), 170 (M-'Bu, 36) r 96 (8). 82 (M-CH 2 OTBDMS ; 100), 75 
(11); !R (Neat) 3550-3100 (br : NH), 3074 (C=CH 2 ), 2929, 2857, 1664 (C-C), 1472, 1424 : 1391, 1380, 1361, 1255, 
1190. 1101. 1006, 939, 880, 838, 777, 723, 668 cm 1 . 

(2S)-A^[5-lodo-2-(2.2,2-trichloroethyloxycarbonylam 
»5 4-methylidinepyrrolidine (60) 

[0183] A catalytic amount of DMF (3 drops) was added to a stirred solution of the Troc protected anlhranilic acid 59 
(0.46 g, 1.04 mmol) and oxafyl chloride (0.10 ml : 0.15 g, 1.15 mmol) in CH 2 CI 2 (30 mL). After 16 hours at room 
temperature Ihe resulting acid chloride solution was added dropwise over 30 minutes to a stirred mixture of the amine 

20 58 (0.26 g T 1.15 mmol) and TEA (0.26 g, 0.36 mL. 2.58 mmol) in CH 2 Cl 2 (15 mL) at -20°C (CCl 4 /liq.N 2 ) under a nitrogen 
atmosphere. The reaction mixture was allowed to warm to room temperature and stirred for a further 45 minutes. At 
this point TLC analysis (50% EtOAc/Petroleum Ether) revealed complete reaction. The mixture was washed with sat- 
urated NaHC0 3 (30 mL), saturated NH 4 CI (30 mL), H 2 0 (25 mL). brine (30 mL), dried (MgS0 4 ), filtered and evaporated 
in vacuo to give the amide 60 as a dark oil (0.65 g, 96%): 1 H NMR (270 MHz : CDCl 3 ) (Rotamers) & 8.92 (br s, 1H), 

25 8.05-7.88 (m f 1H), 7.74-7.64 (m, 1H), 7.56-7.46 (m, 1H), 5.08-4.95 (m, 2H) r 4.84 (d. tH, J= 11.91 Hz), 4.75 (d ( 1H, J 

- 11.91 Hz), 4.74-4.65 (m, 1H), 4.21-3.68 (m, 4H), 2.96-2.65 (m, 2H), 0.95-0.87 (m, 9H) t 0.1-0.03 (m, 6H). 

(2S)-W-(2-Amino-5-iodobenzoyl)-2-(hydroxymethyl)-4-methytidenepyrrolidine (61) 

30 [0184] A solution of TBAF (1 .24 mL of a 1 M solution in THF, 1 .24 mmol) was added to the silyl-ether 60 (0.64 g, 0.99 
mmol) in THF (15 mL) at 0°C (ice/acetone). The reaction mixture was allowed to warm to room temperature and after 
45 minutes TLC (50% EtOAc/Pet-Ether 40 °- 60 °) revealed the complete disappearance of starling material. Saturated 
NH4CI (75 mL) was added and the reaction mixture extracted with EtOAc (3 X 30 mL), washed with brine (30 mL), 
dried (MgS0 4 ), filtered and evaporated in vacuo to give an orange oil. Purification by flash chromatography (50% 

35 EtOAc/Pet-Ether 40 °- 60 °) provided the pure amino-alcohol 61 as a viscous oil (0.18 g, 51%): 1 H NMR (270 MHz, 
CDCl 3 ) 5 7.72-7.61 (m, 1 H), 7.55-7.40 (m, 1H), 6.51-6.49 (m, 1H), 5.02-4.94 (m, 2H), 4.80-3.80 (m, 8H) : 2.81-2.79 (m, 
1H) f 2.43-2.40 (m, 1H); MS (El), m/z (relative intensity) 359 (M*~ + 1, 5), 358 (M + *. 33), 328 (3), 327 (10), 254 (3), 247 
(11), 246 (100), 218 (18), 164 (2), 127 (4). 120 (4), 119 (10), 113 (9), 112 (91), 94 (2), 91 (20), 90 (5). 82 (10), 67 (2), 
64 (3), 63 (3) ; 52 (3). 

40 

(2S)-AA-[5-lodo-2-(2,2 t 2-trichloroethyloxycarbonylamino)-benzoyl]-2-(hydroxymethyl)-4-methylidinepyrrolidine 
(62). 

[0185] A solution of the amine 61 (179 mg, 0.50 mmol) in CH 2 CI 2 (15 mL) was cooled to 0"C (ice/acetone) and 
45 treated with pyridine (81 uL, 79 mg, 1.0 mmol). A solution of 2 r 2.2-lrichloroethylchloroformale (76 u.L t 117 mg, 0.55 
mmol) in CH 2 CI 2 (5 mL) was then added dropwise to the stirred mixture. 

[0186] The reaction mixlure was allowed to warm to room temperature and stirred for a further 2 h, at which point 
TLC (EtOAc) revealed complete consumption of amine 61. The reaction mixture was washed with saturated CuS0 4 
(25 mL), H 2 0 (25 mL), brine (25 mL) ; dried (MgS0 4 ), filtered and evaporated in vacuo. The crude residue was purified 
50 by flash chromatography (50% EtOAc/Petroleum Ether) to afford the pure troc-amino compound 62 as an oil (1 89 mg, 
71%): 1H NMR (270 MHz, CDCI 3 ) 5 8.90 (br s f 1H), 7.75-7.66 (m, 3H), 5.02-4.92 (m : 3H), 4.87 (d, 1H, J= 12.09 Hz), 
4.72 (d, 1H, J= 12.09 Hz), 4.15-4.08 (m, 2H), 3.90 3.85 (m, 2H), 3.65-3.63 (m, 1H) ? 2.80-2.71 (m, 1H) : 2.50 (d, 1 H, J 

- 14.83 Hz); NMR (67.8 MHz, CDCI 3 ) 5 167.7, 151.9, 142.7, 139.6, 135.6, 134.8, 127.7, 123.4 r 108.4, 95.1, 86.6, 
74.3, 63.9, 59.0. 53.5, 33.7; MS (El), m/z (relative intensity) 536 (5), 535 (3), 534 (15), 533 (M-*-, 3), 532 (15), 503 (2).. 

55 501 (2), 422 (4), 420 (5), 385 (8). 384 (8), 366 (3), 353 (11), 290 (9), 273 (8), 272 (76), 246 (6), 245 (18), 218 (4), 217 
(5), 216 (8), 146 (4), 145 (10) : 133 (4). 131 (4), 119 (6), 117 (7), 115 (11), 113 (17) : 112 (39). 97 (4), 96 (3), 95 (12), 90 
(5), 84 (5), 83 (7), 82 (100). 79 (7), 77 (21), 67 (2), 63 (4), 61 (3), 51 (6); exact mass calcd for C 15 H 16 N 2 0 4 CI 3 l m/e 
531 .9221 . obsd m/e 531 .91 55. 



45 



EP 1 193 270 A2 

(1 1 S,1 1aS)-11-Hydroxy-7-lodo.2-methylidene-10-(2 T 2 f 2-trichloroethyloxycarbonylamino)-1 ,2,3.1 0,1 1 ,1 1a- 
hexahydro-5W-pyrrolo[2,1-c| [1,4]benzodiazepin-5-one (63) 

[01 87] A solution of the alcohol 62 (1 89 mg, 0.35 mmol) in CKjCyCh^CN (1 2 mL 3:1 ) was treated with 4 A powdered 
molecular sieves (1 00 mg) and NMO (62 mg, 0.53 mmol). Alter 15 minutes stirring at room temperature, TPAP (6.2 
mg, 1 7.7 nmo!) was added and stirring continued for a further 1 hour at which point TLC (50% EtOAc/Petroleum Ether) 
showed product formation along with some unoxidised starting material. The mixture was then treated with a further 
quantity of NMO (62 mg, 0.53 mmol) and TPAP (6.2 mg, 17.7 jimol) and allowed to stir for a further 30 minutes after 
which time TLC revealed complete reaction. The mixture was evaporated in vacuo onto silica and subjected to flash 

10 chromatography (40% EtOAc/Petroleum Ether) to provide the protected carbinolamine 63 as a white glass (93 mg, 
49%): 'H NMR(270MHz,CDC! 3 )5 8.09 (d ; 1H .7=2.01 Hz), 7.80 (dd, 1H, J - 8.43,2.20 Hz), 7.10 (d, 1H, J =8.43 
Hz).. 5.60 (d ; 1H, J = 9.71 Hz), 5.20-5.04 (m, 3H), 4.79-4.50 (m, 1H), 4.32-4.08 (m, 3H), 3.63 (I, 1H, J= 8.79 Hz), 
2.99-2.89 (m, 1H), 2.72 (d r 1H. J= 15.94 Hz); 13 C NMR (67.8 MHz, COCI 3 ) 6 165.0, 154.1, 141.0, 140.2. 137.7, 134.5, 
133.6, 132.0, 110.4, 94.7, 93.4, 85.7, 75.0, 59.4, 50.7, 35.0; MS (El), m/z (relative intensity) 533 (6) f 532 (22), 531 

*5 (M + -, 8), 530 (17), 529 (10), 449 (5), 383 (6) ; 354 (7), 353 (5), 338 (6), 325 (5), 290 (5), 274 (15), 273 (8), 272 (43), 
254 (5), 245 (8), 218 (5), 216 (12), 147 (5), 146 (6), 145 (9), 133 (10), 131 (9) : 128 (5), 127 (15), 119 (11), 117 (5), 97 
(6), 95 (9) : 92 (6), 91 (6), 90 (6), 83 (11), 82 (100), 81 (7), 80 (8), 75 (5), 63 (7), 53 (5); exact mass calcd for 
C l6 H 14 N 2 0 4 ICI 3 m/e 531.9037, obsd nVe531.8988. 

20 <11aS)-7-lodo-2-nriethylidene-1 ,2,3,11 a-tetrahydro-5H-pyrroto[2,1-c)[1,4]benzodiazepin-5-one (64, UP2023, 
BSD-SJG). 

[0188] 10% cadmium-lead couple (109 mg,. 0.875 mmol) was added to a stirred solution of the Troc-protected car- 
binolamine 63 (93 mg, 0.175 mmol) in THF (1 mL) and aqueous IN ammonium acetate (1 mL). After 45 minutes at 

25 room temperature TLC revealed complete reaction (70% EtOAc/Petroleum Ether). The mixture was diluted with EtOAc 
(30 mL). dried (MgS0 4 ), filtered and evaporated in vacuo. The crude residue was purified by flash chromatography 
(70% EtOAc/Petroleum Ether) to provide the novel PBD (64, BSD-SJG, UP2023) as a white solid (27 mg T 46%). mp 
°C; 1 H NMR (270 MHz, CDCtj + CD 3 OD) (11 S,11aS isomer) 8 8.10 (d, 1H, J - 1.46 Hz), 7.65 (d, 1H, J= 8.79 Hz), 
6.86 (d, 1H, J =8.06 HZ), 5.14-5.10 (m, 2H), 4.66 (d, 1H, J = 5.13 Hz), 4.34 (d, 1H, J- 16.12 H2) s 4.23 (d, 1H, J = 

30 1 6. 1 2 Hz). 3.80-3 71 (m. 1 H), 3.34 (s, 3H), 3.03-2.86 (m. 1 H), 2.65 (d, 1H, J= 16.02 Hz); MS (El), m/z (relative intensity) 
(N10-C11 imine form) 339 (M + " + 1 . 20). 338 (M + \ 100), 337 (17).. 323 (5). 311 (4) : 310 (5), 257 (5), 230 (4) ? 229 (13), 
211 (4), 203 (4), 202 (8), 184 (8), 183 (4), 103 (5). 82 (17), 81 (4), 80 (5), 76 (6), 75 (16), 74 (5). 55 (4), 53 (4); IR 
(NUJOL® ) 3295 (br) r 2923, 2853, 1716, 1615, 1506, 1457, 1377, 1317, 1278, 1238, 1169, 1118, 1063, 999, 895,818, 
751 , 718 cm 1 : exact mass calcd for C^H^NjOl m/e 337.9916, obsd m/e 337.9870. 

35 

Example 2(b) : Synthesis of the C8-Benzvl-C7Methoxy-C2-methlene PBD Monomer SJG-244 (70) (see Figure 8) 
[0189] 
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(2S)-W-(4-Benzyloxy-5-methoxy-2-nitrobenzoyl)-2-(ferf-butyldimethylsilyloxymethyl)- 
4-methylidenepyrrolidine (65) 

so 

[0190] A catalytic amount of DMF (2 drops) was added to a stirred solution of the nitro-ocid 1 (0.645 g, 2.13 mmol) 
and oxalyl chloride (0.23 mL, 0.33 g, 2.60 mmol) in CH 2 CI 2 (40 mL). After 1 6 hours at room temperature the resulting 
acid chloride solution was added dropwise to a stirred mixture of tho amine 58 (0.522 g : 2.30 mmol) and TEA (0.58 g, 
0.80 mL, 5.73 mmol) in CH 2 CI 2 (5 mL) at 0°C (ice/acetone) under a nitrogen atmosphere. The reaction mixture was 
55 allowed to warm to room temperature and stirred for a further 2.5 h. The mixture was diluted with CH 2 CI 2 (50 mL), 
washed with saturated NaHCO a (50 mL), saturated NH 4 CI (50 mL), H 2 0 (50 mL), brine (50 mL). dried (MgS0 4 ). filtered 
and evaporated in vacuo to give the crude product as a dark orange oil. Purification by flash chromatography (20% 
EtOAc/Petroleum Ether) isolated the pure amide 65 as a sticky orange oil (0.86 g, 79%): L«) 22 D - ' 47 - 2 ° < c - 2 - 79 - 
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CHCI 3 ); ! H NMR (270 MHz, CQC\ 3 ) (Rotamers) 5 7.78 and 7.77 (s x 2, 1H 8rom ), 7.48-7.35 (m J 5H aro J, 6.82 and 6.78 
(s x 2. 1H arom ), 5.23 and 5.21 (s x 2, 2H, PhCH^). 5.09-4.83 (m. 2H, NCH 2 C=CH 2 ). 4.59-4.49 (m, 1H, 
NCHCH 2 OTBDMS), 4.03-3.08 (m, 7H, NCHCH^OTBDMS, NCH£=CH 2 and 0CH 3 ), 2.80-2.56 (m. 2H, 
NCH 2 C=CH 2 CH 2 ). 0.89 and 0.79 (s x 2, 9H, SiCfCH^), 0.122, -0.11 and -0.14 (s X 3, 6H. S\{CH^ 2 )\ ^ NMR (67.8 

5 MHz, CDCy (Rotamers) 8 166.2 (NC=0), 154.8 and 154.6 (C^), 148.2 and 148.0 (C quat ), 144.1 and 143.2 (C qual ), 
137.1 (C quat ). 135.3 (C qual ), 128.8 and 128.5 (BnC-H, rom ) ; 128.2 (C quat ), 127.6 (BnC-H^), 110.1 and 109.2 (O 
H a roJ> ^09.0 and 108.5 (C-H afom ), 107.5 (NCH 2 C=CH 2 ), 71.3 (PhCH 2 0), 63.7 (NCHCH 2 OTBDMS), 60.2 
(NCHCH 2 OTBDMS), 58.1 and 56.6 (OCH 3 ) : 52.8 and 50.5 (NCH 2 C=CH 2 ), 34.9 and 33.9 (NCH 2 C-CH 2 CH 2 ) : 25.8 and 
25.7 (SiC(CH 3 ) 3 ), 1 8.2 (SiC(CH 3 ) 3 ), -5.4 and -5.6 (Si(CH 3 ) 2 ); MS (El), m/z (relative intensity) 512 (M*\ 3), 497 (M-CH 3 , 

w 4), 455 (M- l Bu, 100), 380 (2), 364 (5), 286 (M-NCH 2 C=CH 2 CH 2 CHCH 2 OTBOMS, 40), 279 (9), 226 
(NCH 2 C=CH 2 CH 2 CHCH 2 OTBDMS, 5), 168 (10), 149 (27), 91 (PhCH 2: 62), 73 (8), 57 (9); IR (NEAT) 3066, 3034, 2953, 
2856, 2245, 1644 (NC=0), 1578. 1520, 1454, 1426, 1379, 1335, 1276, 1220.. 1186, 1106, 1059, 1016, 910. 836, 815, 
779, 734, 697, 655, 614 cm' 1 . 

'5 (2SV/\H4-Benzyloxy-5-methoxy-2-nitrote^ (66) 

[0191] A solution of TBAF (2.1 0 mL of a 1 M solution in THR 2.1 0 mmol) was added to the sityl-ether 65 (0.86 g, 1 .68 
mmol) in THF (20 mL) at 0*C (ice/acetone). The reaction mixture was allowed lo warm to room temperature following 
a colour change (yellow ->dark red). After a further 40 minutes TLC (50% ElOAc/Pet-Elher 40°- 60°) revealed the 

20 complete disappearance of starting material. Saturated NH 4 CI (1 00 mL) was added and the reaction mixture extracted 
with EtOAc (3 X 40 mL), washed with brine (30 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to give a dark 
orange oil which was purified by flash chromatography (60% EtOAc/Petroleum Ether) to provide the pure alcohol 66 
as a white solid (0.64 g, 96%): [a] 1P D = -22.9 ° (c= 0.20, MeOH); 1 H NMR {270 MHz, CDCI 3 ) (Rotamers) 5 7.78 and 
7.76 (s x 2. 1H arom ), 7.49-7.33 (m, 5H arom ), 6.91 and 6.82 (s x 2 : 1H arom ), 5.22 (s, 2H : PhCH/D), 5.10 (m, 1H, OH), 

PS 5.03-5.01 (m f 1H, NCH 2 C-CH 2 ), 4.90-4.85 (m : 1H. NCH 2 C=CH 2 ), 4.65-4.55 (m, 1K NCHCH 2 OH), 3.99 and 3.95 (S 
x 2, 3H, OCH 3 ) : 3.90-3.72 (m, 4H, NCHCHfiH and NCH^C-CH 2 ), 2.90-2.87 (m : 1H, NCH 2 C-CH 2 CH 2 ), 2.53-2.47 (m, 
1H : NCH 2 C=CH 2 CH 2 ); 13 C NMR (67.8 MH2, C0CI 3 ) (Rotamers) 5 177.4 (NC=0). 155.1 (C qual ), 148.3 (C qual ), 142.6 
(C quHl ). 137.0 (C^J, 135.2 (C qu8t ), 128.9, 128.6 and 127.6 (BnC-H arom ), 109.1 (C-H arom ), 108.5 <C-H arom ), 108.3 
(NCH 2 C~CH 2 ), 71.4 (PhCH 2 0), 65.2 and 63.7 (NCHCH 2 OH), 60.4 (NCHCH 2 OH), 56.8 and 56.7 (OCH 3 ), 53.0 and 

30 50.1 (NCH 2 C=CH 2 ), 35.1 and 34.4 (NCHgC^Cr^Oi,); MS (El), m/z (relative intensity) 398 (M 4 *, 2). 380 (3), 368 (4), 
354 (1). 286 (M-NCHoC=CH-,CH 2 CHCH 2 OH, 54), 270 (2), 256 (1). 164 (2), 136 (4). 135 (3), 121 (4), 112 
(NCH 2 C=CH 2 CH 2 CHCH 2 OH, 3). 91 (PhCH 2 , 100), 82 (3), 69 (4), 65 (6); IR (NUJOL®) 3600-3200 (br, OH), 2923, 
2853, 1718, 1663, 1611 (NC=0), 1577, 1517, 1460, 1376, 1332, 1275, 1224, 1176, 1052, 990, 925, 886, 862, 796, 
759, 723, 702 615 cm 1 ; exact mass calcd for C^H^NjOg m/e 398.1478, obsd m/e 398.1490. 

35 

(2S)-N-(2-Amino-4-benzyloxy-5-rrethoxybenzoyO (67) 

[0192] The n it ro« alcohol 66 (0.637 g, 1 .60 mmol), SnCI 2 2H20 (1 .81 g, 8.0 mmol) and methanol (36 mL) were heated 
at reflux and monitored by TLC (90% CHCiyMeOH). After 1 hour the MeOH was evaporated in vacuo and the resulting 

to residue cooled (ice), and treated carefully with saturated NaHC0 3 (120 mL). The mixture was diluted with EtOAc (120 
mL), and after 1 6 hours stirring at room temperature the inorganic precipitate was removed by filtration through celite. 
The organic layer was separated, washed with brine (1 00 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to give 
an orange glass. Flash chromatography (EtOAc) afforded the pure amine 67 as a pale yellow glass (0.37 g : 63%): 
N 23 D = -42.7 v (C- 3.7, CBCI 3 ); 1 H NMR (270 MHz : CDCI3) 6 7.44-7.29 (m, 5H arom ), 6.77 (s, 1H arom ), 6.27 (s, t H flrom ), 

45 5.12 (s, 2H, PhCHJD), 5.06-5.00 (m, tH, NCH 2 C=CH 2 ). 4.99-4.92 (m, 1H, NC^C-C^), 4.63-4.53 (m, 1H, 
NCHCH 2 OH), 4.25-3.60 (m. 10H, NCHCW 2 OH, NCH 2 C=CH 2 , OCH 3 , OH and NH 2 ), 2.77 (dd, 1H, J= 8.52. 15.85 Hz, 
NCH 2 C=CH 2 CH 2 ), 2.43-2.39 (m, 1 H. NCH 2 C=CH 2 Cr^) ; 13 C NMR (67.8 MHz, CDCI 3 ) 5 1 71 .4 (NC=0), 151 .0 (C quBt ), 
143.3 (C qual ), 141.5 <C qual ), 140.6 (C quat ). 136.5 (C qgal ). 128.6 and 128.0 (BnC-H arom ), 127.8 (C quat ). 127.1 (BnC- 
H arom ), 112.5 <C-H arofn ), 107.8 (NCH 2 C-CH 2 ), 103.0 (C-H arom ), 70.6 (PhCH 2 0), 65.9 (NCHai 2 OH), 60.0 

so (NCHCH 2 OH) 8 57.1 (OCH 3 ), 53.3 (NCH 2 C-CH 2 ), 34.4 (NCH 2 OCH 2 CH 2 ); MS (El), m/z (relative intensity) 368 (M 4 ', 
100), 353 (M-CH 3 , 2), 340 (1), 286 (2), 273 (4), 256 (M-NCH 2 C-=CH 2 CH 2 CHCH 2 OH, 59), 249 (8), 226 (4), 200 (2), 196 
(2), 166 (5). 138 (17), 112 <NCH 2 C=CH 2 CH 2 CHCH 2 OH, 39), 91 (PhCH 2 , 70), 82 (5), 65 (5); IR (NEAT) 3600-3000 (br, 
NH 2 and OH), 3065, 3052, 2932, 2869, 2246, 1668, 1620, 1592, 1513, 1454, 1408, 1261, 1229, 1197, 1176, 1113, 
1079, 1002, 909, 733, 698, 645 cm' 1 ; exact mass calcd for C 21 H 24 N 2 0 4 m/e 368.1736, obsd m/e 368.1662. 

55 
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(2S)"A^[(2-A!lyloxycarbonylamino)-4-benzyloxy-5-methoxybenzoyl]-2-(hydroxyniethyl)- 
4-methylidenepyrrolidine (68) 

[0193] A solution of the amino-alcohol 67 (0.33 g, 0.90 mmol) in CH 2 CI 2 (20 mL) was cooled to 0°C (ice/acetone) 

5 and treated with pyridine (0.14 mL, 0.14 g, 1 .77 mmol). A solution of ally! chloroformate (87 uL, 99 mg, 0.82 mmol) in 
CH 2 CI 2 (7 mL) was then added dropwise to the stirred mixture. The reaction mixture was allowed to warm to room 
temperature and stirred for a further 2.5 h, at which point TLC (ElOAc) revealed complete consumption of amine 67. 
The reaction mixture was diluted with CH 2 CI 2 (30 mL) and washed with saturated CuS0 4 (40 mL), H 2 0 {40 mL), brine 
(40 mL). dried (MgS0 4 ), filtered and evaporated in vacuo. The crude residue was purified by Hash chromatography 

to (80% EtOAc/Petroleum Ether) to afford the pure alloc-amino compound 68 as a white solid (0.34 g, 84%): [o) 22 D = - 
22.4 0 (c - 3.4, CHC1 3 ) ; 1 H NMR (270 MHz, CDCI 3 ) 5 8.52 (br s, 1H : NH) : 7.82 (br s, 1H arom ), 7.49-7.29 (m, 5H erom ), 
6.84 (s, 1 H arorn ). 6.02-5.88 (m, 1 H, NC0 2 CH 2 CH=CH 2 ), 5.39-5.22 (m ? 2H, NC0 2 CH 2 CH-CH 2 ) : 5.1 7 (s, 2H, PhC W 2 0), 
5.01 (br s, 1H, NCH 2 C=CH 2 ), 4.94 (br s, 1H, NC^C-CH,), 4.64-4.59 (m, 3K NCfyCH 2 OH and NC0 2 CH 2 CH=CH 2 ), 
4.21-3.60 (m t 8H ; NCHCH 2 OH, NCH 2 C-CH 2 , OCH 3 and OH), 2.77 (dd, 1H, J = 8.61, 15.94 Hz, NCH 2 C=CH 2 CH 2 ), 

15 2.46 (d. 1H, J- 15.94 Hz, NCH 2 C=:CH 2 CH 2 ); 13 C NMR (67.8 MHz, CDCI 3 )6 171,4 (NC^O amide ), 153.7 (NC-O^^^), 
150.3 (C quat ) ; 144.5 (C quat ), 143.0 (C quat ), 136.2 (C quat ), 132.4 (NC0 2 CH 2 CP=CH 2 ), 131 .3 (C quat ), 128.6, 128.1 , and 
127.7 (BnC-H af0 J, 118.1 (NC0 2 CH 2 CH=CH 2 ), 111.1 (C-H arom ), 108.1 (NCH 2 C=CH 2 ), 106.5 (C-H aro J, 70.7 
(PhCHoO). 65.8 (NC0 2 CH 2 CH=CH 2 ) ( 65.5 (NCHCH 2 OH), 59.9 (NCHCH 2 OH), 56.7 (OCH 3 ), 54.0 (NCH 2 C=CH 2 ), 34.1 
(NCH.C-CH 2 CH 2 ); MS (El), m/z (relative intensity) 452 (M*" p 38) : 3*5 (M-OC 3 H 5 , 4), 394 (10), 340 

so (M-NCH 2 C- CH 2 CH 2 CHCH 2 OH. 20), 298 (7), 282 (22), 255 (8) ? 206 (2), 19.- (2). 163 (3), 136 (3), 114 (6), 112 
(NCH 2 C-CH 2 CH 2 CHCH 2 OH. 12), 91 (PhCH 2 , 100), 82 (10), 65(4), 57 (OC 3 H 5 , 7); I R (NUJOL® ) 3600-2000 (br, OH), 
3335. 3242, 2922, 2854, 1724, 1614, 1537, 1463, 1407, 1378, 1349, 1280, 1214, 1178, 1117, 1054. 1028, 995, 947, 
908. 892 r 853. 821, 768, 735, 697, 629, 601 r 514 cm' 1 ; exact mass calcd for C 25 H 2a N 2 0 6 m/e 452.1947, obsd m/e 
452.1923. 



(IIS.IIaSHO-Allyloxycarbonyl-S-benzyloxy-ll-hydroxy^-methoxy^-methylidene-I^^.ICH.IIa- 
hexahydro-5H-pyrrolo[2,1-c][1 ,4Jbenzodiazepin-5-one (69) 

[0194] A solution of DMSO (0.18 mL. 0.20 g, 2.56 mmol) in CH 2 CI 2 (4 mL) was added dropwise over 30 minutes to 
30 a solution o( oxalyl chloride (0.63 mL of a 2.0 M solution in CH 2 CI 2 . 1 .26 mmol) at -45°C (dry ice/CH 3 CN) under a 
nitrogen atmosphere. After stirring at -45°C for 30 minutes, a solution of the alcohol 68 (0.42 g, 0.93 mmol) dissolved 
in CH 2 Ct, (8 mL) was added dropwise over 35 minutes at -45°C. After 45 minutes at -45°C, the mixture was treated 
dropwise^ with TEA (0.50 mL, 0.36 g, 3.56 mmol) in CH 2 Ct 2 (4 mL) over 30 minutes at -45°C. After 35 minutes, the 
reaction mixture was allowed to warm to room temperature and was diluted with CH 2 CI 2 (30 mL), washed with IN HCI 
35 (20 mL) ; H 2 0 (20 mL), brine (30 mL), dried (MgS0 4 ), filtered and evaporated in vacuo. TLC (80% EtOAc/Petroleum 
Ether) of the crude material revealed sufficient product formation and a trace of unoxidised starting material. Purification 
by flash chromatography (50% ElOAc/Pelroleum Ether) furnished the protected carbinolamine 69 as white glass (0.1 72 
g. 41%): 1 H NMR (270 MHz, CDC l 3 ) 6 7.48-7 27 (m, 5H aro J, 7.25 (s, 1H arcrn ), 6.74 (br s, 1H arom ), 5.65-5.53 (m, 1H, 
NC0 2 CH 2 CHtCHo), 5.56 (d, 1H, J= 9.89 Hz, NCHCHOH), 5.22-5.04 (m, 6H, NCH 2 C=CH 2 , NC0 2 CH 2 CH=CH P and 
40 PhCHfi), 4 64-4.42 (m, 3H, NC0 2 CH 2 CH^CH 2 and OH), 4.28 (d. 1H, J= 15.94 Hz, NC/*,C=CH 2 ), 4.09 (d, 1H, J = 
15.94 Hz, NCH 2 C-CH 2 ), 3.92 (s. 3H, OCH 3 ) t 3.62 (t, 1H, J= 8.79 Hz. NCHCHOH), 2.90 (dd, 1H, J= 8.97. 16.03 Hz, 
NCH 2 C=CH 2 CH 2 ), 2.67 (d, 1H, J = 16.03 Hz, NCH 2 C=CH 2 CH 2 ); 13 C NMR (67.8 MHz, CDCt 3 ) 5 166.8 (NC-O amide ), 

156.0 (NC^^e), 150.1 (C V J, 149.0 (C quat ), 141.8 (C qual ). 136.1 (C quat ), 131.8 (NC0 2 CH 2 m-^CH 2 ) 128^6 

128.1 and 127.3 (BnC-H aro J, 125.6 (C quat ), 118.0 <NC0 2 CH 2 CH=CH 2 ), 114.6 (C-H aro J, 110.6 (C-H aroni ), 109.8 
45 (NCH 2 C=CH 2 ). 85 8 (NCHCHOH), 71.0 (PhCH 2 0). 66.7 (NC0 2 CH 2 CH-CH 2 ), 59.8 (NCHCHOH), 56.2 (OCH 3 ), 50.7 

(NCH 2 C=CH 2 ), 35.0 (NCH 2 C=CH 2 CH 2 ): MS (El), m/z (relative intensity) 450 (M+", 24), 422 (1), 392 (1), 364 (1), 34B 
(3), 340 (12), 298 (6), 282 (8), 257 (2), 229 (2), 192 (3), 178 (2), 164 (4), 136 (3). 110 (3), 91 (PhCH 2 , 100), 82 (17), 
65 (7); IR (NUJOL®) 3600-2500 (br, OH), 2923, 2854 : 1711, 1619, 1601, 1513 ; 1463, 1405, 1377, 1300, 1278, 1202, 
1119. 1045, 993, 956, 909, 790, 768, 724, 697, 637 cm 1 ; exact mass calcd for C 25 H 26 N 2 0 6 m/e 450.1 791, obsd m/e 
so 450.1790. 

Alternative synthesis (11S,11aS)-10-Allyloxycarbonyl-8-ben27loxy-11-hydroxy-7-mcthoxy-2-methylidene- 
1 ,2,3,1 0,1 1 ,1 1 a-hexahydro-5H-py rroto[2,1 -c][1 ,4]benzodiazepin-5-one (69) 

55 [0195] A solution of the alcohol 68 (0.32 g, 0.71 mmol) in CH^C^CN (30 mL, 3:1 ) was treated with 4 A powdered 
molecular sieves (0.2 g) and NMO (126 mg, 1 08 mmol). After 15 minutes stirring al room temperature, TPAP (12.6 
mg, 35 9 jimot) was added and stirring continued for a further 1 hour 20 minutes at which point TLC (80% EtOAc/ 
Petroleum Ether) revealed product formation along with some unoxidised starting material. The mixture was then treat- 



48 



EP1 193 270 A2 

ed with a further quantity of NMO (1 26 mg, 1 .08 mmol) andTPAP (12.6 mg, 35.9 }imol), and allowed to stir for a further 
0.5 hours after which time TIC revealed reaction completion. The mixture was evaporated in vacuo onto silica and 
subjected to flash chromatography (50% EtOAc/ Petroleum Ether) to provide the protected carbinolamine 69 as a white 
glass (153 mg, 48%): [apQ = +129.8 ° (c- 1.5, CHCt 3 ); 1 H NMR (270 MHz, CDCI 3 ) 5 7.48-7.27 (m, 5H arom ), 7.25 (s, 

5 1H aro J, 5.74 (br s, 1H arom ) ? 5.65-5.53 (m, 1H, NC0 2 CH 2 CH=CH 2 ) ; 5.56 (d, 1H, J= 9.89 Hz.. NCHCHOH), 5.22-5.04 
(m, 6H, NCH 2 C=CH 2 , NC0 2 CH 2 CH=CH 2 and PhCH 2 0) : 4.64-4.42 (m, 3H, NC0 2 C^>CH=CH 2 and OH), 4.28 (d, 1H, 
J = 15.94 Hz, NCB>C=CH 2 ), 4.09 (d, 1H, J=-- 15.94 Hz, NCHfi=CH 2 ) t 3.92 (s, 3H, OCH 3 ), 3 62 (t, 1H, J= 8.79 Hz, 
NCHCHOH), 2.90 (dd, 1H, 8.97, 16.03 Hz, NCH 2 C=CH 2 CH 2 ), 2.67 (d, 1H, J- 16.03 Hz, NCH 2 C-CH 2 CH P ); 13 C 
NMR (67.8 MHz, CDC! 3 ) 5 1 66.8 (NC-O amide ), 156.0 (NOO^^), 150.1 (C qual ), 149.0 (C qual ), 141 .8 (C qua} ), 136.1 

10 ( c quai)> 131 8 (NC0 2 CH 2 CH=CH 2 ), 128.6, 128.1 and 127.3 (BnC-H arom ), 125.6 (C^), 118.0 (NC0 2 CH 2 CH-CH 2 ), 
114.6 (C-H arom ), 110.6 (C-H arom ), 109.8 (NCH 2 C=CH 2 ), 85.8 (NCHCHOH), 71 .0 (PhCH 2 0), 66.7 (NC0 2 CH 2 CH=CH 2 ), 
59.8 (NCHCHOH), 56.2 (OCH 3 ) : 50.7 (NCH 2 C=CH 2 ).. 35.0 (NCH 2 C^CH 2 CH 2 ); MS (El), m/z (relative intensity) 450 
(M + \ 24), 422 (1), 392 (1).. 364 (1), 348 (3), 340 (12), 298 (6), 282 (8), 257 (2), 229 (2), 192 (3), 178 (2), 164 (4), 136 
(3), 110 (3), 91 (PhCH 2 , 100), 82 (17), 65 (7); IR (NUJOL©) 3600-2500 (br, OH), 2923, 2854, 1711 , 1619, 1601 , 1513, 

is 1463, 1405, 1377, 1300, 1278, 1202, 1119, 1045, 993, 956, 909, 790, 768, 724, 697, 637 cm 1 ; exact mass calcd (or 

C 25 H 26 N 2°6 m/G 450 - 1 791 • obsd 171/(6 450 1 79 °- 

(1 1 aS)-8-Benzy loxy-7-methoxy-2-methyHdene-1 ,2,3,1 1 a-tetra hydro- 5H-pyrrok>[2,1-cJ[1 ,4lbenzodtazepln- 
5-one (70, SJG-244) 

20 

[0196] A catalytic amount of tetrakis(triphenylphosphine)palladium (12.0 mg, 1 0.4 }imol) was added to a stirred so- 
lution ol the Alloc-protected carbinolamine 69 (0.18 g, 0.40 mmol), triphenylphosphine (5.25 mg, 20 uxnol) and pyrro- 
lidine (29 mg, 0.41 mmol) in CH 2 CI 2 (15 mL). After 2 hours stirring at room temperature under a nitrogen atmosphere, 
TLC (98% CHCI 3 /McOH) revealed the complete consumption of starting material. The solvent was evaporated in vacuo 

25 and the crude residue was purified by flash chromatography (60% EtOAc/Petroleum Ether) to afford 70 (SJG-244) as 
a white glass (1 1 6 mg, 83%) which was repeatedly evaporated in vacuo with CHCI 3 in an attempt to provide the N1 0-C11 
imine form: [a] 22 D = 4-754.2 ° (c = 0.54, CHCI 3 ); 1 H NMR (270 MHz, CDCI 3 ) (mainly imine, plus trace of carbinolamine 
form) 5 7.70-7.30 (m, 7H, HC-N and 6H arom ), 6.84 (s, 1H wn J, 5.25-5.13 (m, 4H, NCH 2 C-CH 2 and PhCH 2 0), 4.42 
(br s, 2H, NCH 2 C=CH 2 ), 3.95 (s, 3H, OCH 3 ), 3.88-3.66 (m : 1H, NCHHC=N), 3.09 (dd, 1H, J= 8.98, 16.12 Hz, 

30 NCH 2 0--CH 2 CH 2 ), 2.94-2.87 (m, 1 H. NCH 2 C=CH 2 Cr^); 13 C NMR (67.8 MHz, CDCI 3 ) 5 1 64.7 (NC=0), 162.6 (HC=N), 
150 6 (C quat ), 148.1 (C quat ): 141.6 (C qual ), 140.5 (C quat ), 136.1 (C quat ) r 132.0 r 128.7, 128.6, 128.1 and 127.3 (BnO 
H arom ), 120.1 (C quat ). 1115 (OH arom ), 111 .2 (OH arom ), 109.4 (NCH 2 C=CH 2 ), 70.8 (PhCH 2 0), 56.2 (OCH 3 ), 53.7 (NCH- 
HC=N), 51 .3 (NCH 2 C=CH 2 ), 35.4 (NCH 2 C-CH 2 CH 2 ); MS (El), m/z (relative intensity) (imine form) 348 (M+-, 100), 333 
(M-CH 3 , 42), 31 9 (3), 269 (5), 257 (M-PhCH 2 , 25), 241 (11), 229 (56), 227 (11 ), 213 (5), 186 (4), 156 (6), 136 (22) : 122 

35 (4), 91 (PhCH 2 , 85), 82 (5), 65 (22); IR (NUJOL® ) 331 8 (br, OH of carfcinolamine form), 2923, 2853, 1722, 1668 ; 1600, 
1 557. 1 504, 1 462, 1 377, 1 26 1 , 1 21 6, 1 1 20, 1 003, 892, 789, 722, 695, 623, 542 cm 1 ; exact mass calcd for C 21 H^N^ 
m/e 348.1474, obsd m/e 348.1469. 

Example 2(c) : Synthesis of MMY-SJG <74, UP2064) (see Figure 9) 

40 

[0197] 



45 




SO 

(2S)-A/-[(2-Allyloxycarbonylammo)-4,5-dimcthoxy 
4-methylidinepyrrolidine (71) 

55 [0198] Potassium /erl-butoxide (21 .2 mL of a 0.5 M solution inTHF, 10.6 mmol) was added dropwise to a suspension 
of methyHriphenylphosphonium bromide (3.78 g, 10.6 mmol) in THF (1 1 mL) at 0°C (ice/acetone) under nitrogen. After 
stirring for 2 hours at 0°C, a solution of the ketone 38 (Example 1(e)) (2.0 g, 4.07 mmol) in THF (7 mL) was added 
dropwise and the mixture allowed to warm to room temperature. After stirring for a further 45 minutes the reaction 
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mixture was diluted with EtOAc (60 mL) and water (60 mL). The organic layer was separated, washed with brine, dried 
(MgSOJ, filtered and evaporated in vacuo to give a dark oil. Purification by flash chror itography (20% EtOAc/Petro- 
leum Ether) isolated the pure olefin 71 as a transparent oil (1.71 g, 86%): [a] 22 0 = -44 0 (c = 0.20. CHCI 3 ); 1 H NMR 
<270MHz,CDCI 3 )(Rotamers)5 8.85 (brs. 1H),7.86 (s, 1H),6.82 (s, 1H) : 6.03-5.89 (m. 1H), 5.35 (ddd, 1H. J = 17.22. 

5 3.11, 1.47 Hz), 5.24 (ddd, 1H, J ~ 10.44, 2.75, 1.28 Hz), 4.99-4.92 (m ? 2H), 4.70-4.57 (m : 3H) ; 4.23-3.57 (rn, 10H), 
2.72-2.68 (m, 2H), 0.96-0.85 (m, 9H), 0.09-0.03 (m, 6H): 13 C NMR (67.8 MHz, CDCI 3 ) (Rotamers) 5 168.7, 153.6, 
150.9, 143.6, 132.5, 132.2, 118.1, 115.3, 110.6, 107.1, 104.3, 65.7, 63.6, 56.3. 56.0, 33.1 , 25.8, 18.1, -5.5 and - 5.6; 
MS (El), m/z (relative intensity) 492 (M + - + 2, 7), 491 (M + - + 1 , 20), 490 {W~, 50), 475 (4), 435 (10), 447 (3), 434 (29), 
433 (94), 376 (4), 375 (13), 348 (5), 333 (11), 332 (6), 294 (3), 265 (16), 264 (100), 227 (8), 226 (24), 224 (5), 223 (1 8), 

W 220(15), 210(4). 208(5), 207 (13), 206(96), 192(7), 180 (18), 179(25), 170(21), 169 (8), 168 (28), 164(13), 152 
(7), 150 (13), 136 (10), 108 (5), 96 (5), 95 (12), 94 (7), 89 (8), 82 (25), 75 (20). 73 (30), 59 (7), 58 (5), 57 (41), 56 (7), 
55 (4); IR (NEAT) 3324 (br, NH), 3082, 2953, 2930, 2857, 1732, 1600, 1523, 1490, 1464. 1419, 1397, 1360, 1333, 
1287, 1259, 1228, 1203, 1172, 1115, 1039, 1004, 939. 837,814, 777 666 cm 1 . 

is (2S)-rV-[(2-Allyloxycarbonylammo)-4.5-dim^ 

[0199] A solution of TBAF (4.29 mL of a 1 M solution in THF, 4.29 mmol) was added to the silyKether 71 (1 .68 g, 3.43 
mmol) in THF (45 mL) at O'C (ice/acetone). The reaction mixture was allowed to warm to room temperature and after 
1 hour TLC (50% EtOAc/Pet-Ether 40°- 60 c ) revealed the complete disappearance of starting material. Saturated 

so NH 4 CI (110 mL) was added and the reaction mixture extracted with EtOAc (3 X 50 mL) r washed with brine (100 mL), 
dried (MgS0 4 ), filtered and evaporated in vacuo to give a dark orange oH. Purification by flash chromatography (99% 
CHCI^MeOH) provided the pure alcohol 72 as a white solid (1 .15 g, 89%): [o] 21 D - -13.1 7 ° (c- 0.15, CHCI 3 ); 1 H NMR 
(270 MHz, CDCI 3 ) 5 8.59 (brs, 1H), 7.69 (s, 1H), 6.82 (s, 1H), 6.03-5.89 (m. 1H), 5.35 (ddd, 1H, J= 17.22, 3.11, 1.65 
Hz), 5.24 (ddd, 1H, J~ 10.44, 2.75, 1.28 Hz), 5.02-4.94 (m, 2H), 4.66-4.62 (m, 3H), 4.23-3.57 (n% 11H), 2.77 (dd, 1H, 

<?5 J= 15.94, 8.42 Hz), 2.48 (d, 1 H, J~ 1 5.94 Hz); 13 C NMR (67.8 MHz, CDCI3) 5 1 70.3, 153.8, 151.0, 144.2, 143.1, 132.5, 
131.2, 118.1, 115.9, 110.4, 108.1, 104.9, 65.8, 65.1, 59.8, 56.4, 56.0, 54.2,34.1; MS (El), m/z (relative intensity) 378 
{W- + 2, 3), 377 (M+- + 1, 14), 376 (M+\ 51), 319 (3), 265 (10), 264 (62), 263 (4), 259 (8), 224 (4), 223 (18) ; 220 (17), 
208 (5). 207 (14), 206 (100), 192 (8), 190 (5), 180 (27), 179 (29), 178 (4), 164 (23), 163 (4), 152 (12), 151 (6), 150 
(19), 137 (5), 136 (22), 135 (6), 125 (6), 120 (6), 113 (6), 112 (31), 109 (6), 108 (11 ), 95 (4), 94 (9), 82 (28), 80 (8), 67 

30 (5), 57 (5), 54 (7), 53 (7); IR (NUJOL® ) 3341 and 3245 (br, OH and NH). 3115, 2918, 2850. 1727, 1616, 1540, 1464, 
1399, 1378, 1351, 1283.. 1264, 1205 } 1179, 1117, 1055, 1040, 996, 946 ? 909, 894, 855, 823, 768, 754, 722. 696, 623 : 
602cm 1 ; exact mass calcd for C 19 H 24 N 2 0 6 m/e 376.1634, obsd m/e 376.1614. 

(1 1 S/l 1aS)-10-Allyloxycarbonyl-7,8-dimethoxy-1 1-hydroxy-2-methylidene-1 ,2,3,10,1 1,11a-hexahydro- 5H- 
35 pyrroio[2,1-cj[1,4]benzodiazepirv5-cne (73) 

[0200] A solution of DMSO (0.75 mL, 0.82 g, 1 0.5 mmol) in CH 2 CI 2 (27 mL) was added dropwise over 38 minutes 
to a solution of oxalyl chloride (2.64 mL of a 2.0 M solution in CH 2 Ci 2 , 5.27 mmol) at -45°C (tiq.N^Chlorobenzene) 
under a nitrogen atmosphere. 

40 After stirring at -45°C for 1 h, a solution of the alcohol 72 (1 .1 0 g, 2.93 mmol) in CH 2 CI 2 (27 mL) was added dropwise 
over 1 hour at -45°C. After 1 hour at -45°C, the mixture was treated dropwise with a solution of TEA (1 .71 mL, 1 .24 g, 
12.29 mmol) in CH 2 CI 2 (15 mL) over4C minutes at -45°C. After a further30 minutes, the reaction mixture was allowed 
to warm to room temperature and was diluted with CH^C^ (50 mL), washed with IN HCI (50 mL), H 2 0 (50 mL), brine 
(50 mL). dried (MgS0 4 ), filtered and evaporated in vacuo. TLC (80% EtOAc/Petroleum Ether) of the crude material 

^5 revealed reaction completion. Purification by flash chromatography (60% EtO Ac/Petroleum Ether) furnished the pro- 
tected carbinolamine 73 as a white glass (0.45 g, 41%): [a| 22 D = 1 236.51 0 (c = 0.14, CHCI 3 ); 1 H NMR (270 MHz, 
COCI3) 5 7.23 (s, 1 H), 6.69 (s, 1 H), 5.83-5.81 (m, 1 H), 5.60-5.58 (m, 1 H), 5.34-5.23 (m, 4H), 4.74-4.66 (m, 1 H), 4.50-4.40 
(n% 1H), 4.30 (d, 1H, J= 15.94 Hz), 4.15 (d, 1H, J= 15.93 Hz), 3.96-3.86 (m, 7H), 3.65 (t, 1H. J= 8.61 Hz). 2.92 (dd, 
1H, 16.21, 9.07 Hz). 2.70 (d, 1H, J= 15.94 Hz); 13 C NMR (67.8 MHz, CDCI 3 ) 5 166.7, 156.0, 150.8, 148.4, 141.8, 

so 131 .7, 128.5, 125.2. 118.1 , 1 12.4, 110.3, 109.8, 85.9. 66.8, 59.6, 56.3, 56.1 , 50.7, 35.0; MS (El), m/z (relative intensity) 
376 (M + +2, 6), 375 (M-+ 1, 22), 374 (M*-, 100), 346 (5), 293(8), 288(10), 271 (5), 265 (11). 264 (67), 248 (5). 237 
(5), 223 (10), 220 (9), 209 (6), 208 (42), 207 (14), 206 (70), 192 (7), 190 (5), 180 (17), 179 (16), 165 (8), 164 (15). 153 
(5) f 152 (10), 150(12), 149 (7), 137 (6), 136 (10), 135 (5), 125 (8), 110 (8), 108 (5), 94 (5), 83 (5), 82 (59), 80 (7). ; IR 
(CHCI 3 )3275 (br, OH), 3075, 2936, 2851, 1706, 1624, 1604, 1516. 1457, 1436, 1403, 1368, 1312. 1301. 1278, 1262, 

55 1218, 1119, 1074, 1045, 940, 916, 893, 867, 851, 666, 637 cm* 1 ; exact mass calcd for C 19 H 22 N 2 0 6 m/e 374.1478, 
obsd m/e 374.1 687. 
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(11aS)-7,8-Diinethoxy-2-methyltdene-1,2,3,11a-tetrahydro-5H-pyiTolo[2,1-c][1 ,41benzodiazepln-5-one (74, 
UP2064, MMY-SJG) 

[0201] A catalytic amount of tetrakis(triphenylphosphine)palladium (32.4 mg, 28.1 jimol) was added to a stirred so- 
5 lution of the Alioc-protected carbinolamine 73 (0.42 g, 1 .12 mmol), triphenylphosphine (1 4.7 mg, 56.2 iimol) and pyr- 
rolidine (83.9 mg, 1.18 mmol) in CH 2 CI 2 (55 ml). Alter 2.5 hours stirring at room temperature under a nitrogen atmos- 
phere, TLC (95% CHCiyMeOH) reveaied the complete consumption of starting material. The solvent was evaporated 
in vacuo and the crude residue was purified by flash chromatography (CHC! 3 ) to afford the novel PBD (74, MMY-SJG, 
UP2064) as a yellow oil which was repeatedly evaporated in vacuo with CHCI 3 in order to provide the N10-C11 imine 
10 form (259 mg, 85%): [ctp D = 4-583.14 ° (c= 1.42, CHCI 3 ); 1 H NMR(270 MHz, CDCI 3 ) 57.69 (d, 1H, J= 4.39 Hz), 7.51 
(s, 1 H), 6.82 (s, 1H), 5.21 -5.1 7 (m, ...H). 4.44-4.23 (m, 2H), 3.96-3.81 (m, 7H), 3.17-3.08 (m, 1 H), 2.95 (d, 1 H, J = 14.29 
Hz); 13 C NMR (67.8 MHz. CDCI 3 ) 5 164.7, 162.6, 151.5, 147.6, 141.6, 140.8, 119.8, 111.2, 109.4, 109.4, 56.2, 56.1, 
53.8, 51 .4, 35.5; MS (El), m/z (relative intensity) 273 (M + - + 1,16), 272 [W\ 1 00) : 271 (35), 270 (9), 255 (5), 243 (7), 
241 (7), 230 (6), 228 (6), 226 (5), 212 (3), 192 (4), 191 (16), 165 (4), 164 (19), 1 63 (4), 136 (22), 93 (6), 82(7), 80 (3), 
15 53 (3); IR (NEAT) 3312 (br), 3083, 2936, 2843, 1624, 1603, 1505, 1434, 1380, 1264, 1217, 1180, 1130, 1096, 1069, 
1007, 935, 895, 837, 786, 696, 666. 594, 542 cm' 1 ; exact mass calcd for C 15 H1 6 N 2 0 3 m/e 272.1161, obsd m/e 
272.1154. 

Example 2(d) : Synthesis of the PBD Dimer SJG-136 (UP2001) (see Figure 10) 
[0202] 
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30 

(2S)-1 /T-[[(Propane-1 ,3-diyl)dloxy]bis[(2-nitro-5-methoxy-1 ,4-phenylene)carbonyl]]bis[2-(fer^ 
butyldimethylsilyloxymethyl)-4-methylidenepyrrolidine] (75) 

[0203] A catalytic amount of DMF (2 drops) was added to a solution of the dimer acid 44 (0.66 g, 1 .42 mmol) and 

35 oxalyl chloride (0.31 ml, 0.45 g, 3.55 mmol) in THF (12 ml). The reaction mixture was stirred for 16 hours under 
nitrogen, concentrated in vacuo, and redissolved in THF (10 mL). The resulting solution of jb/s-acid chloride was added 
dropwise to the amine 58 (0.65 g, 2.86 mmol), H 2 0 (0.84 mL) and TEA (0.83 mL, 0.60 g, 5.93 mmol) in THF (2 mL) 
at 0°C (ice/acetone) under nitrogen. The reaction mixture was allowed to warm to room temperature and stirred for a 
further 2 hours at which time TLC (EtOAc) revealed reaction completion. After removal of the THF by evaporation in 

*o vacuo, the residue was partitioned between H 2 0 (1 00 mL) and EtOAc (1 00 mL). The aqueous layer was washed wilh 
EtOAc (3 X 50 mL), and the combined organic layers washed with saturated NH 4 CI (100 mL), brine (100 mL), dried 
(MgS0 4 ), filtered and concentrated in vacuo to give the crude product as a dark orange oil. Purification by flash chro- 
matography (50% EtOAc/Petroleum Ether) afforded the pure amide 75 as a pale yellow glass (0.93 g, 74%): [a) 21 0 = 
-51.1 ° (c= 0.08, CHCt 3 ); 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) 6 7.77 and 7.74 (s x 2, 2H ar0 J, 6.81 and 6.76 (s x 

45 2, 2H orom ), 5.09-4.83 (m, 4H, NCH 2 C-CH 2 ), 4.60 (m ; 2H, NC/VCH 2 OTBDMS), 4.35-4.31 (m, 4H, OCHfiH 2 CH^), 
4.08-3.74 (m, 14H, NCHCH 2 OTBDMS, NCW 2 C-CH 2 and OCH 3 ), 2.72-2.45 (m, 6H, NCH 2 C=CH 2 CH 2 and 
OCH 2 CH 2 CH 2 0), 0.91 and 0.79 (s x 2, 18H, SiC(CH 3 ) 3 ), 0.09, -0.09, and -0.12 (s x 3, 1 2H, Si(CH 3 ) 2 ) ; 13 C NMR (67.8 
MHz, CDCl 3 ) (Rotamers) 6 166.2 (NOO). 154.7 and 154.5 (C quat ), 148.4 and 148.2 (C^,). 144.1 and 143.2 (C quat ), 
137.2 (C quat ), 128.2 and 127.4 (C quat ), 110.1 and 108.6 (C-H aro J, 109.1 and 108.3 (C-H arom ), 107.5 (NCH 2 C^CH 2 ), 

50 65.7 and 65.5 (OCH 2 CH 2 CH 2 0), 63.9 and 62.6 (NCHCH 2 OTBDMS), 60.2 (NCHCH 2 OTBDMS). 58. 1 and 56.6 (OCW 3 ), 
52.8 and 50.5 (NCH 2 C=CH 2 ), 35.0 and 33.9 (NCH 2 C=CH 2 CH 2 ), 30.8 and 28.6 (OCH 2 CH 2 CH 2 0), 25.8 and 25.7 (SiC 
(CH 3 ) 3 ), 18.2 (SiC(CH 3 ) 3 ), -5.5 and -5.6 (Si(CH 3 ) 2 ); MS (El), m/z (relative intensity) 885 (M+-, 7), 828 (M-'Bu, 100), 
740 (M-CH 2 OTBDMS, 20), 603 (3), 479 (26), 391 (27), 385 (25), 301 (7), 365 (10), 310 (14), 226 (8), 222 (13), 170 
(21), 168 (61), 82 (39), 75 (92); iR (NUJOL® ) 2923, 2853, 2360, 1647, 1587, 1523 (N0 2 ) ? 1461, 1429, 1371, 1336 

55 (N0 2 ), 1277, 1217, 1114, 1061, 1021, 891, 836 772, 739 cm' 1 . 
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(2S)-1 ,r-[[(Propane-1 ,3-diyi)dioxy]bls[(2-nitro-5-methoxy-1 ,4-phenylene)carbonyl]]bis[2-(hydroxymethyl)- 
4-methylidenepyrrolldine] (76) 

[0204] A solution of TBAF (3.98 ml of a 1 M solution in THF r 3.98 mmol) was added to the fc/s-silyl ether 75 ( 1 .41 g, 
5 1 .59 mmol) in THF (35 mL) at 0°C (ice/acetone). The reaction mixture was allowed to warm to room temperature and 
after a further 30 minutes saturated NH 4 CI (120 mL) was added. The aqueous solution was extracted with EtOAc (3 
X 80 mL), washed with brine (80 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to give a dark orange oil which 
was purified by flash chromatography (97% CHCIg/MeOH) to provide Ihe pure diol 76 as a light orange solid (0.98 g, 
94%): [u] 19 D = -31.9° (c-0.09 : CHCI 3 ); 1 H NMR (270 MHz, CDCI 3 ) (Rotamers) 5 7.75 and 7.71 (s x 2, 2H arom ). 6.96 
io and 6.84 (s x 2, 2H arom ), 5.08. 5.02 and 4.88 (br sx3 ; 4H, NCH 2 C-CH 2 ), 4.61-4.50 (m, 2H, NCHCH 2 OH), 4.35-4.33 
(m, 4H : 0CH 2 CH 2 CH 2 O), 4.02-3.65 (m, 14H, NCHCH 2 OH, NCB>C-CH 2 and OCH3), 2.88-2.43 (m, 6H, 
NCH 2 C-CH 2 CH 2 and 0CH 2 CH 2 CH 2 0); 13 C NMR (67.8 MHz, CDCI 3 ) (Rotamers) 5 167.9 and 166.9 (NC=0), 154.9 
and 154.3 (C quat ), 148.4 and 148.2 (C^,), 143.3 and 142.6 (C quat ), 137.2 and 137.0 (C qual ), 127.6 and 127.3 (C qual ), 
1 09.1 (C-H aro J, 1 08.4 (NCH 2 C=CH 2 ), 1 08.2 (C-H arom ), 65.6 and 65.4 (OCH 2 CH 2 CH 2 0), 64 5 and 63.3 (NCHCH 2 OH), 
f5 60.5 and 60.0 (NCHCH 2 OH), 56.8 and 56.7 (OCH 3 ), 52.9 (NCH 2 C-CH 2 ), 35.0 and 34.3 (NCH 2 C=CH 2 CH 2 ), 29.6 and 
28.6 (OCH 2 CH 2 CH 2 0); MS (FAB) (Relative Intensity) 657 (M + - + 1, 10), 639 (M-OH, 2), 612 (1), 544 
(M-NCH 2 CCH 2 CH 2 CHCH 2 OH, 4), 539 (1), 449 (16), 433(9), 404 (8), 236 (32), 166 (65), 151 (81), 112 (82), 82 (100); 
IR (NUJOL©) 3600-3200 (br, OH), 2923, 2853, 2360, 1618, 1582, 1522 (N0 2 ), 1459, 1408, 1375, 1335 (N0 2 ), 1278, 
1218, 1061,908,810, 757 cm * 1 . 

20 

(2SH ,1^ft(Propane-1 ,3-diyl)dioxy)bls[^^ 
4-methytidenepyrrolidmeJ (77) 

[0205] A mixture of the diot 76 (0.98 g, 1 .49 mmol) and SnCL^^O (3.36 g, 1 4.9 mmol) in MeOH (35 mL) was heated 
25 at reflux and the progress of the reaction monitored by TLC (90% CHCiyMeOH). After 45 minutes, the MeOH was 
evaporated in vacuo and the resulting residue was cooled (ice), and treated carefully with saturated NaHC0 3 (120 
mL). The mixture was diluted with EtOAc (120 mL), and after 16 hours stirring at room temperature the inorganic 
precipitate was removed by filtration through celite. The organic layer was separated, washed with brine (100 mL), 
dried (MgSQ 4 ), filtered and evaporated in vacuo to give a brown solid. Flash chromatography (95% CHCI 3 /MeOH) 
30 afforded the pure b/s-amine 77 as an orange solid (0.54 g. 61%): |aj 19 D - -31 .8 0 (c= 0.30, CHCI 3 ); 1 H NMR (270 MHz, 
CDCI 3 ) 5 6.74 (s. 2H arom ), 6.32 (s, 2H arom ). 5.00 (br s. 2H, NCH 2 C-CH 2 ), 4.93 (br s, 2H, NCH 2 C=CH 2 ), 4.54 (br s, 2H, 
NCHCH 2 OH), 4.24-4.14 (m, 4H, OCHfiH 2 CHfi) t 3.98-3.50 (m, 14H, NCHCH^OH. NCH^C-C^ and 0CH 5 ), 2.76 
(dd, 2H, J = 8.61, 15.91 Hz, NCH 2 C--CH 2 CH 2 ), 246-2.41 (m, 2H, NCH2C=CH 2 CH 2 ), 2.33-2.28 (m, 2H, 
OCH 2 CH^H 2 0); 13 C NMR (57.8 MHz, CDCI 3 ) S 171.0 (NC=0). 151.0 (C quaJ ), 143.5 (C quat ), 141.3 (C^J, 140 6 
35 (C qua) ), 112.4 (C-H arom ), 111.9 (C quat ), 107.8 <NCH 2 C-CH 2 ), 102.4 (C-H arom ), 65.2 (0CH 2 CH 2 CH 2 0), 65.0 
(NCHCH 2 OH). 59.8 (NCHCH 2 OH), 57.1 (OCH 3 ), 53.3 (NCH 2 C-CH 2 ), 34.4 (NCH 2 C=CH 2 CH 2 ), 29.0 (OCH 2 CH 2 CH 2 0); 
MS (FAB) (Relative Intensity) 596 (M»\ 13) ; 484 (M-NCH 2 CCH 2 CH 2 CHCH 2 0H, 14), 389 (10) : 371 (29), 345 (5), 224 
(8), 206 (44), 166 (100), 149 (24), 112 (39) ; 96 (34), 81 (28); IR (NUJOL© ) 3600-3000 (br, OH), 3349 (NH 2 ), 2922, 
2852, 2363, 1615, 1591 (NH 2 ), 1514, 1464, 1401, 1359, 1263, 1216, 1187, 1169, 1114, 1043, 891, 832, 761 cm 1 . 

40 

(2S,4fl)&(2S,4S)-1J'-[[(Propane-1,3-diyO^ 
[2-(hydroxymethyl)-4-methylpyrrolidine} (77). 

[0206] A solution of hydrazine (23 mg, 23 11L, 0.72 mmol) in MeOH (5 mL) was added dropwise to a solution of the 
45 diol 76 (95 mg, 0.145 mmol) and Raney Ni (20 mg) in MeOH (1 5 mL) heated at reflux. After 1 hour at reflux TLC (90% 
CHCU/MeOH) revealed some amine formation. The reaction mixture was treated with further Raney Ni (20 mg) and 
hydrazine (23 mg ; 23 |iL, 0.72 mmol) in MeOH (5 mL) and was healed at reflux for an additional 30 minutes at which 
point TLC revealed complete reaction. The reaction mixture was then treated with enough Raney Ni to decompose 
any remaining hydrazine and heated at reflux for a further 1 .5 hours. Following cooling to room temperature the mixture 
so W as filtered through a sinter and the resulting filtrate evaporated in vacuo. The resulting residue was then treated wiih 
CH 2 CI 2 (30 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to provide the bis-amine (77) as a yellow oil (54 mg, 
63%): 1H NMR (270 MHz, CDCI3) (diastereoisomcrs) 5 6.73 (s, 2H arom ), 6.32 (s, 2H arom ), 4.60-4.30 (m, 2H, 
NCHCH 2 OH), 4.19 (t, 4H, J = 5.87 Hz, OCH 2 CH 2 CH 2 0) 3.78-3.50 (m, 14H, NCHCHgOH. NCK,CHCH 3 and OCH 3 ), 
2.40-1.55 (m, 8H, NCH 2 CHCH 3 , OCH 2 CH 2 CH 2 0 and NCH 2 CHCH 3 CH 2 ), 1.00-0.95 (m : 6H, NC^CHCtf-); MS (El), 
55 m/z (relative intensity) 600 (M**, 16), 459 (46), 345 (16) ; 206^(13), 186(17), 180(31), 166(37), 149(6), 142(76), 100 
(6), 98 (13), 97 (29), 84 (81), 69 (7). 55 (100) 
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(2SM f 1 , -n(Propane-1,3-dlyl)dtoxyJb^ 
[2-(hydroxymethyl)-4-methyHdenepyrrotidine] (78) 

[0207] Pyridine (0.47 mL, 0.46 g, 5.82 mmol) was added to a stirred solution of the bis-amine 77 (0.857 g, 1 .44 mmol) 
in CH 2 CU (30 mL) at 0°C (ice/acetone). The cool mixture was then treated dropwise with a solution of atlyl chloroformate 
(0 33 mL 0 38 g, 3.15 mmol) in CH 2 Cl 2 (10 mL). Alter 2.5 hours stirring at room temperature, the mixture was diluted 
with CH 2 CI 2 (60 mL), washed with IN HCI (2 X 50 mL), H 2 0 (80 mL), brine (80 mL), dried (MgSO d ), filtered and evap- 
orated in vacuo. The crude residue was purified by flash chromatography (70-100% EtOAc/Petroleum Ether) to afford 
the ally! cartamale compound 78 as a slightly orange glass (0.548 g, 50%): 1H NMR (270 MHz, CDCI 3 ) 6 8.58 (br s. 
2H, NH), 7.56 (s, 2H arom ), 6.78 (s, 2H arom ), 6.03-5.88 (m, 2H, NC0 2 CH f^ CH f> 5 p 3 ^ 

4 30-4 25 (m 4H. OC^CH 2 CH 2 0), 4.17-3.90 (m, BH, NCHCKpH and NCH 2 C=CH 2 ), 3.81-3.54 (m : 8H, NCHCH 2 OH 
and OCHj). 2.76 (dd, 2H, J - 8.52, 15.85 Hz, NCH 2 C=CH 2 CH 2 ) ? 2.49-2.44 (m, 2H, NCH 2 C=CH 2 CH 2 ), 2.36-2.28 (m, 
2H OCH 2 CH^H 2 0); 13 C NMR (67 8 MHz, CDCI 3 ) 5 170.3 (NOO amjde ) : 153.8 (NC^O^e), 150.5 (C quat ), 144.8 
(C ,) 143 f(U, 132.5 (NCOoCH 2 CH«CH 2 ), 130.7 (C quat ) s 118.1 (NC0 2 CH 2 CH=CH 2 ), 116.8 (C^). 110.9 (C- 
K 108.1 ll^CH^JlOeitC-H.^. 61.7 (NC0 2 ^ 2 CH,CH 2 ) : 65.4 (OCH 2 CH 2 CH 2 0), 65.1 (NCHCH^HL 
59 8 (NCHCH 2 OH), 56.5 (OCH 3 ). 53.9 (NCH 2 C»CH 2 ), 34.2 <NCH 2 C^CH 2 CH 2 ). 29.7 and 29.2 (OCH 2 CH 2 CH z O), MS 
(FAB) (Relative Intensity) 765 (M- * 1, 10), 652 (M-NCH 2 CCH 2 CH 2 CHCH 2 OH, 32) ; 594 (4), 539 (2), 481 (51), 441 
(31), 290 (3), 249 (13) ; 232 (38), 192 (83), 166 (49), 149 (32), 114 (100). 

1,1-[[(Propane-1,3-diyl)dioxy]bis[(11S,11aS) -l0-(allyloxycarbonylH1-hydroxy-7.methoxy-2-methylidene- 
l[2 f 3,10,11,11a-hexahydro-5H-pyrrolo[2 t 1-c][1,4]benzodiazepin-5-one](79) 

[0208] A solution of the b/s-alloc compound 78 (150 mg, 0.1 96 mmol) in CH 2 CI 2 /CH 3 CN (12 mL, 3:1) was treated 
with 4 A powdered molecular sieves (0.2 g) and NMO (70 mg, 0.598 mmol). After 1 5 minutes stimng at room temper- 
ature TPAP (7 mg. 1 9.9 u^mol) was added and stirring continued for a further 2 hours at which time TLC (95% CHCI 3 / 
MeOH) indicated formation, of the fully cyclised product along with the presumed semi-cyclised product 79, and unre- 
acted starting material 78 present in the reaction mixture. The mixture was then treated with a further quanttfy of NMO 
(35 mg. 0.299 mmol) and TPAP (3.5 mg, 9 96 umol). and allowed to stir for a further 0.5 hours when TLC revealed 
reaction completion . The solvent was evaporated in vacuoand the black residue was subjected to flash chromatography 
(98% CHCIVMeOH) to provide the pure protected carbinolamine 79 as a white solid (47 mg, 32%): 1 H NMR (270 MHz, 
CDC 3 ) 6 7.23 (s : 2H arom ), 6.74 (s. 2H arom ). 5.90-5.65 (m, 2H, NC0 2 CH 2 C^CH 2 ), 5.57 (d 2K J= 8^4 Hz NCH- 
CHOH). 5.26-5.07 (m. 8H, NCH 2 C=CH 2 and NC0 2 CH 2 CH*CH,) f 4.67-4.10 (m, 14H, NC0 2 CH^H=CH 2 
NCffC=CH 2 . OCH^H 2 CH 2 0 and OH), 3.89 (s, 6H, OCH 3 ), 3.63 (m. 2H, NCHCHOH), 2.91 (dd, 2H, J= 8.79. 1 576 
Hz, NCH 2 C-CH 2 C^). 2.68 (d. 2H, J« 16.10 Hz, NCH 2 C=CH 2 CH 2 ) : 2.42-2.24 (m, 2H, 0CH 2 C^CH 2 O);J 3 C 
(67.8 MHz. CDQ 3 ) 6*166.7 (NCOJ, 150.1 <C qual ). 149.0 (C qual ) ( 141.7 (C quat ), 131 .7 1 »f 
iC ) 128 9fC .) 128 8(C ,) 11 8.3 (NC0 2 CH 2 CH-CH 2 ), 114.7 (C-H aTO J ,1 10.7 (C-H ar0 m ), 109.8 <NCH 2 C= CH 2 ), 
!^ «.0 (0^ 2 CH 2 CH 2 0), 59.7 (NCHCHOH), 56.1 (OCH3) 507 

(NCH 2 C^CH 2 ), 35.0 (NCH 2 C=CH 2 CH 2 ), 29.7 and 29.1 (OCH 2 CH 2 CH 2 0); MS (FAB) (Relative Intensity) , 743 (M - - 17, 
16), 725 (17) 632 (13), 574 (8), 548 (13). 490 (10), 481 (9), 441 (7), 425 (6), 257 (12), 232 (20), 192 (46) 166 (52), 
149 (100), 91 (59); IR (NUJOL® ) 3234 (br, OH), 2923, 2853, 2361 , 1707, 1604, 1515, 1464, 1410, 1377, 1302, 1267, 
1205, 1163, 1120 ; 1045, 999, 955, 768, 722 cm\ 

1^[[(PropBne-1>diyI)dIoxy)bte^ 
benzodiazepin-5-one] (80, SJG-136) 

[02091 A catalytic amount of ietrakis(triphenylphosphine)pailadium (11 mg, 9.52 umol) was added to a stirred solution 
of the D/s-alloc-carbinolamine 79 (139 mg, 0183 mmol), triphenytphosphine (4.8 mg, 18.3 umol) and pyrrolidine (27 
mg, 0.380 mmol) in CH 2 CI 2 /CH 3 CN (13 mL. 10:3) at 0"C (ice/acetone) under a nitrogen atmosphere. The re «ction 
mixture was allowed to warm to room temperature and the progress monitored by TLC (95% CHCiyMeOH). After 2 
hours 15 minutes TLC revealed the reaction was complete, proceeding via the presumed helf-im.ne product 261 to 
give a TLC spot which fluoresced brightly under UV. The solvent was evaporated in vacuo and the resulting residue 
subjected to flash chromatography (98% CHCI3/M0OH) to give the o/s-imine target molecule 80 (SJG-136) as a pale 
orange glass (78 mg, 77%) which was repeatedly evaporated in vacuo with CHCI 3 to provide the .mine form; la] D - 
+ 357 7 • (c = 0 07 CHCr 3 ); Reverse Phase HPLC (C 4 stationary phase, 65% MeOH/H 2 0 mobile phase, 254 nm), 
Retention time = 5 27 minutes, % Peak area = 97.5%; 1 H NMR (270 MHz, CDCI 3 > (imine form) 5 7.68 (d, 2H, J - 4.4 
Hz, HC-N), 7.49 (s, 2H arom ), 6.85 (s, 2H orom ), 5.20 («. 2H, NCH 2 C=CH 2 ), 5.17 ^™^>& J?' 
4H, OCHXH 2 CHoO). 3.92 (s. 6H. OCH 3 ). 3.89-3.68 (m, 6H, NCH 2 C=CH 2 and NCHHC=N), 3.12 (dd, 2H. J= 8.61, 
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16.21 Hz, NCH 2 C=CH 2 CK>), 2.68 (d, 2H, J- 16.30 H?, HCH 2 C=CH 2 CH 2 ), 2.45-2.38 (m, 2H. OCH 2 C^CH 2 0): 1 *C 
NMR (67 8 MHz, CDCI 3 ) (imine form) 5 164.7 (NC=0). 162.6 (HC=N), 150.7 (C^J, 147.9 (C qual ), 141 .5(C qual ). 140.6 
(C QUat ), 119.8 (C qual ), 111 .5 V>H m ), 110.7 (C-H arom ), 109.4 (NCH 2 C--CH 2 ) ; 65.4 (OCH 2 CH 2 CH 2 0), 56.1 (OCH 3 ), 
53 8 (NCHHON), 51 .4 <NCH 2 r>CH 2 ), 35.4 (NCH 2 C=CH 2 CH 2 ), 28.8 (OCH 2 CH 2 CH 2 0); MS (FAB) (Relative Intensity) 
(imine form) 773 (M + - + 1 + (Thioglycerot adduct X 2), 3), 665 (M + - + 1 + Thioglycerol adducL 7), 557 <M + - + 1 , 9) : 464 
(3), 279 (12), 257 (5), 201 (5), 185 (43) : 1 66 (6), 149 (12), 93 (100); IR (NUJOL© ) 3600-3100 (br, OH of carbinolamine 
form), 2923, 2B49, 1599 r 1511, 1458 : 1435, 1391, 1277, 1228, 1054, 1011, 870, 804, 761, 739 cm 1 . 

Alternative Synthesis of UP2001, SJG-136 (80) (see Figure 11) 

[0210] UP2001 was also prepared by an alternative synthesis based the bis -ketone 52 (see Example 11(f)). 

1 ,1 '-[[(Propane-1 ,3-diyl)dioxy]bis[2-amino-N«allyloxycarbonyl-5-methoxy-1 ,4-phenylene)carbonyl]]-bis[(2S)- 
2-f-butyldimethylsHyloxymethyl-4-methytidene-2>dihydropyrrole] (206) 



[0211 J A solution of potassium-l-butoxide in dry THF (0.5 M, 4.00 mL, 2.00 mmol) was added to as suspension of 
meihyltriphenylphosphonlum bromide (0.71 6 g, 2.00 mmol) in dry THF (2.00 ml). The resulting yellow ylide suspension 
was allowed to stir at 0°C for 2 hours before the addition of a solution of the bis-ketone 52 (0.50 g, 0.50 mmol) in THF 
(10 mL) at 10*C. The reaction mixture was allowed to warm to room temperature and stirring was continued for a 
20 further hour. 

The reaction mixture was partitioned between ethyl acetate (15 mL) and water (15 mL) and the organic layer was 
washed the sat. sodium chloride (20 mL) and dried over magnesium sulphate. Removal of excess solvent gave a brown 
oil that was subjected to flash column chromatography (50% ethyl acetate, 50% 40-60° petroleum ether) to afford the 
product as a yellow glass 206 (250 mg, 51 %). [ap3.4 ^ = -32 ° (c 0.265, CHCI 3 ). 1 H NMR (CDCI 3 ): 5 0.00 (s, 1 2H), 0.88 
25 ( S( 18H), 2.37-2.40 (m, 2H), 2.69-2.75 (m, 4H), 3.80-4.62 (m : 20H), 4.61-4.63 (m, 4H), 4.98 (bs, 4H), 5.30-5.38 (m, 
4H), 5.94-6.00 (m t 2H) t 6 81 (s ; 2H), 7.84 (s, 2H), 8.80 (bs, 2H). 

1 ^[[(Propane-1 >diyl)dioxy)bis[2-amin^^ 
2-hydroxymethyf-4-methylidene-2,3-dmydropyrrole) (78) 



[0212] An aliquot of hydrogen tluoride/pyridine complex (0.8 mL. 70% HF 30 % pyridine) was added to a solution of 
- the bis-silyl ether 206 (285 mg f 0.287 mmol) in THF (1 0 mL) at 0°C under a nitrogen atmosphere. Stirring was continued 
at 0°C for 30 minutes and the reaction mixture was then allowed to rise to room temperature over a 1 hour period. The 
reaction mixture was neutralised with sodium bicarbonate and extracted with dichloromethane (3 x 30 mL). The com- 
35 bined organic phase was washed with brine and dried over magnesium sulphate. Removal of excess solvent under 
reduced pressure afforded the product 78 as a yellow gum (218 mg). 

1,V[[(Propane-1 ,3-diyl)dioxy]bis(11S,11aS)-10^ 

1 ,2,3,1 0,11 ,1 1a-hexahydro-5H-pyrrolo[2,1 -c] [1 ,4-benzodiazepin-5-one] (79) 



[021 3] A solution of dimethyl sulphoxide (0.55 mL, 7.75 mmol) in dry dichloromethane (1 0 mL) was added dropwise, 
over a 15 minute period, to a stirred solution of oxalyl chloride (0.32 mL, 3.67 mmol) in dichloromethane (10 mL) at - 
45°C under a nitrogen atmosphere. The reaction mixture was allowed to stir for 35 minutes at - 45°C followed by 
addition ol the did 78 (1.01 g, 1.32 mmol) in dichloromethane (10 mL), at the same temperature, over 15 minutes. 
45 After a further 45 minutes a solution ol triethylamine (1.50 mL, 10.76 mmol) in dichloromethane (10 mL) was added 
over a period of 15 minutes. The reaction mixture was allowed to stir at - 45*C for 30 minutes before being allowed to 
warm to room temperature over 45 minutes. The reaction mixture was diluted with water and the phases were allowed 
to separate. The organic phase was washed with 1M HCl (3 x 50 mL), sat. sodium chloride (50 mL) and dried over 
magnesium sulphate. Removal of excess solvent yielded the crude product, which was purified by flash column chro- 
50 matography (1 .5% methanol 98.5% chloroform) to afford the product 79 (0.785 g, 77%). 

1J'U(propane-1,3-diyl)dioxy3bts[(11aS)-7-methoxy-2-methylidene-1 ,2,3,1 1a-tetrahydro-5H-pyrrolo[2,1-e] [1,4] 
benzodiazein-5-one] (80, SJG-136) 

55 [021 4] A catalytic amount of tetrakis(triphenylphosphine)palladium (21 mg, 0.01 8 mmot) was added to a stirred so^ 
tution of the 6/s-atloc-carbinolamine 79 (250 mg, 0.33 mmol) : triphenylphosphine (1 0 mg, 0.033 mmol) and pyrrolidine 
(0.05 ml, 0.66 mmol) in dry CH 2 CI 2 (30 mL) at 0°C (ice/acetone) under a nitrogen, atmosphere. The reaction mixture 
was allowed to stir for 2 hours before warming to room temperature over 1 hour.. The solvent was evaporated under 
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reduced pressure and the resulting residue subjected to flash chromatography (98% CHCiyMeOH) to give the bis- 
imine target molecule 80 (SJG-136). 

Example 2(e) : Synthesis of I^Trfpentane-I.S-diyQdioxylbisrflla^y-methoxv^-methylidene-l.a^.lla- 
5 tetrahydrO'SH-pyrrolofol-cKl^lbenzodiazepin-S-one] (218) (see Figure 12a/b) 

[0215] 



10 




Preparation of Nit ro Dimer Core 
20 i\5'-Bis[2-methoxy-4-(methoxycarbonyl)phenoxy]pentane (208) 

[0216) Neat diethyl azidodicarboxylate (19.02 mL, 21 .04 g, 120.8 mmol) was added dropwise over 30 minutes to a 
stirred solution of methyl vaniilate (206) (20 g. 109.8 mmol) and triphenytphosphine (43.2 g, 164.7 mmol) in anhydrous 
TH F (400 mL) and the reaction mixture was allowed to stir at 0°C tor 1 h. The cold reaction mixture was treated dropwise 

•?s over 20 minutes with a solution of 1 ,5-pentanediot (207) (3.83 mL, 4.03 g, 53.0 mmol) in THF (4 mL). The reaction 
mixture was allowed to stir overnight at room temperature and the precipitated product (208) was collected by vacuum 
filtration. Dilution of the filtrate with methanol precipitated further product (208). The combined precipitate (12.3 g, 52 
% based on pentanediol) was used in the next step without further purification: 1 H NMR (270 MHz, CDCI 3 ) 6 7.65 (dd, 
2H, J- 2.01 , 8 42 Hz), 7.54 (d, 2H, J= 2.01 Hz), 6.87 (d, 2H : J= 8.42 Hz), 4.10 (t. 4H, J- 6.59 Hz), 3.90 <s, 6H), 3.89 

30 ( S . 6H), 2.10-1 .90 (m, 4H), 1 .85-1 .26 (m. 2H). 

V.5'-Bis[2-methoxy-4-(methoxycarbonyl)-5-nitrophenoxy)pentane (209) 

[0217] Solid copper (II) nitrate trihydrate (1 6.79 g, 69.5 mmol) was added slowly to a stirred solution of the bis-ester 
35 (208) (12 g. 27.8 mmol) in acetic anhydride (73 mL) at 0"C. The reaction mixture was allowed to stir for 1 hour at 0°C, 
the ice bath was removed and the reaction mixture was allowed to warm to room temperature a mild exotherm, c. 
40°C : accompanied by the evolution of N0 2 occurred at this stage. After the exotherm had subsided stirring at room 
temperature was continued for 2 hours. The reaction mixture was poured into ice water and the aqueous suspension 
allowed to stir for 1 h. The resulting yellow precipitate was collected by vacuum filtration and dried in air to afford the 
40 desired bis nitro compound (209) (14.23 g, 98 %): 1 H NMR (400 MHz, CDCI 3 + DMSO) 6 7.45 (s, 2H) ; 7.09 (s, 2H), 
4.14 (t, 4H, J= 6.31 Hz), 3.97 (s, 6H), 3.90 (s, 6H), 2.20-1.94 (m, 4H), 1.75-1.70 (m, 2H). 

1\5'-Bis(4-carboxy-2-methoxy-5-nitrophenoxy) pentane (210) 

45 [0218} A suspension of the ester 209 (9.0 g, 17.2 mmol) in aqueous sodium hydroxide (1 M, 180 mL) and THF (180 
mL) was allowed to stir until a homogenous solution was obtained (2 days). THF was evaporated under reduced 
pressure and the resulting aqueous suspension was filtered to remove any unreacled starling material. The filtrate was 
adjusted to pH 1 . the precipitated product was collected by filtration and air dried to afford the desired bis-acid (210) 
(8.88 g). A higher than theoretical yield was obtained due to the inclusion of the sodium salt of acid. The salt may be 

so removed by dissolving the bulk of the material in THF and removing the insoluble material by f iltration: 1 l I NMR (400 
MHz, CDCI 3 ) 5 7.39 (s, 2H), 7.1 6 (s, 2H), 4.12 (t, 4H, J= 6.59 Hz), 3.95 (s, 6H), 2.00-1 .85 (m, 4H), 1 .75-1 .67 (m, 2H). 

Assembling the Bis Ketone Intermediate 

55 1 ,1 '-[[(Pentane-1 ,5-diyl)dioxy Jbis[2-nitro-5-methoxy-1 ,4-pheny lene)carbony l]]-bis[(2S,4 fl)-2-t- 
b uty tdi methy Is ilyloxy met hyl-4- hydroxy pyrrolidine] (211) 

[0219] A catalytic amount of DMF (5 drops) was added to as stirred suspension of the acid 210 (5.39 g, 10.9 mmol) 
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and oxalyl chloride (3.47 g, 2.38 ml. 27.3 mmol) in anhydrous THF (50 ml_). Initial effervescence was observed followed 
by the formation of a homogenous solution, however after stirring overnight a suspension of the newly formed acid 
chloride was formed. Excess THF and oxalyl chloride was removed by rotary evaporation under reduced pressure and 
the acid chloride was resuspended in fresh THF (49 mL). The acid chloride solution was added dropwise to a solution 

5 of the (2S, 4fl)-2^-butyldimethylsilyloxymethyl-4-hydroxypyrrolidine (2) (6.3 g t 27.3 mmol) : triethylamine (4.42 g, 6.09 
ml, 43.7 mmol) and water (1 .47 mL) in THF (33 mL) at 0°C under a nitrogen atmosphere. The reaction mixture was 
allowed to warm to room temperature and stirring was continued for 3 h. Excess THF was removed by rotary evaporation 
under reduced pressure and the resulting residue was partitioned between water (300 mL) and ethyl acetate (300 mL). 
The layers were allowed to separate and the aqueous layer was extracted with ethyl acetate (3 x 150 mL). The combined 

io organic layers were then washed with ammonium chloride (150 mL), sat. sodium bicarbonate (150 mL), brine (150 
mL) and dried over magnesium sulphate. Filtration followed by rotary evaporation under reduced pressure afforded 
the crude product as a dark oil. 

The crude product was subjected to flash column chromatography (3% methanol, 97% chloroform) and removal of 
excess eluent isolated (211) (3.70 g, 37% yield): 1 H NMR (270 MHz, CDCI 3 ) 5 7.65 (s. 2H), 6.77 (s, 2H) ; 4.52 (bs, 2H), 
15 4.40 (bs s 2H), 4.17-4.10 (m, 6H), 3.92 (S, 6H), 3.77 (d, 2H, J* 10.26 Hz), 3.32 (td, 2H, J = 4.40. 11.35 Hz), 3.08 (d, 
2H, J = 11.35 HZ), 2.37-2.2/ (m, 2H), 2.1 0-2.00 (m, 6H), 1.75-1.60 (m, 2H), 0.91 (s, 18H), 0.1 0 (s, 12H). 

1,V-[[(Pentane-1 ,5-dlyl)dioxy]bls[2-amino-5-methoxy-1,4-phenylene)carbonyt]]-bls[(2S 1 4/7)-2-t- 
butyldimethy Isily loxymethyl-4-hydroxypy rrolidine) (21 2) 

20 

[0220] A methanolic solution of hydrazine hydrate (1 .25 mL, 1 .29 g, 40.2 mmol of hydrazine, 20 mL of methanol) 
was added dropwise to a solution of the bis-nitro compound 21 1 (3.6 g, 3.91 mmol) in methanol (68 mL) gently ref luxing 
over Raney nickel (510 mg of a thick slurry). After 5 minutes at reflux TLC (10% MeOH, 90% chloroform) revealed the 
incomplete consumption of starting material. The reaction mixture was treated with additional Raney nickel (c 510 mg) 

25 and hydrazine (1 .25 mL) in methanol (20 mL) resulting in complete consumption of starting material. Excess Raney 
nickel was added to the reaction mixture to decompose unreacted hydrazine hydrate and the reaction mixture was 
then allowed to cool. The reaction mixture was filtered through celite to remove excess Raney nickel and the filter pad 
washed with additional methanol (Caution! Raney nickel is pyrophoric, do not allow filter pad to dry, use cone. HCt to 
destroy nickel) The combined filtrate was evaporated by rotary evaporation under reduced pressure and Ihe residue 

30 re-dissolved in dichloromethane. The dichloromethane solution was dried over magnesium sulphate (to remove water 
associated with the hydrazine), filtered and evaporated to afford the product (212) as a foam (3.37 g, 91%): 1 H NMR 
(270 MHz.. CDCI3) 5 6.69 (s, 2H), 6.24 (s. 2H), 4.40-3.40 (m, 28H). 2.40-1.60 (m, 10H), 0.88 (s, 18H) S 0.03 (s, 12H). 

1 »1 '-[[(Pentane-1 ,5-d iy l)d ioxy]bts[2-am in o-N-ally toxycarbony !-5-methoxy-1 ,4-phenylene)carbonytJ]-bis[(2S, 
35 4/?)-2-t-buty Idimethy Isily loxy met hy l-4-hydroxypyrrolidine] (21 3) 

[0221] A solution of allyt chloroformate (0.806 mL, 0.916 g, 7.6 mmol) in dry dichloromethane (63 mL) was added, 
dropwise, to a solution of the bis-amine 212 (3.27 g, 3.8 mmol) and pyridine (1 .26 g, 1 .29 mL, 15.9 mmol) in dichlo- 
romethane (1 28 mL) at 0°C under a nitrogen atmosphere. The reaction mixture was allowed to warm to room temper- 

40 ature and to stir for 16 h. At which time TLC (10% MeOH, 90% Chloroform) revealed reaction to be complete. The 
reaction mixture was diluted with dichloromethane (40 mL) and washed with sat. copper II sulphate (2 x 140 mL), water 
(120 mL) and sat. sodium chloride (120 mL). The organic phase was dried over magnesium sulphate, filtered and 
evaporated under reduced pressure to afford 213 as a foam (3.60 g, 92%). 1 H NMR (270 MHz, CDCt 3 ) 8 8.87 (bs, 2H) t 
7.66 (s, 2H), 6.77 (s. 2H) ; 6.05-5.80 (m, 2H), 5.40-5.15 (m, 4H), 4.70-4.50 (m, 6H), 4.38 (bs k 2H), 4.20-4.00 (m, 4H), 

^5 3.78 (S, 6H), 3.70-3.40 (m, 8H), 2.40-2.20 (m, 2H), 2.10-1.80 (m, 6H), 1.75-1 .55 (m, 2H), 0.89 (S ( 18H), 0.04 (s, 12H). 

1 .1 '-[[{Pentane-1 ,5-diy t)dioxy]bis[2-amino-N-allyloxycarbonyl-5-methoxy-1 ,4-phenylene)carbonylJ]-bis[(2S>- 
2-^-butyldimethylsilyloxymethyl-4-oxo-py rrolidine] (214) 

so [0222] A solution of dimethyl sulphoxide (1 .47 mL, 1 .62 g. 20.7 mmol) in dry dichloromethane (32 mL) was added 
dropwise over 45 minutes to a stirred solution of oxalyl chloride (5.18 mL of a 2 M solution in dichloromethane, 10.35 
mmol) at - 60°C under a nitrogen atmosphere. After stirring at - 50°C for 30 minutes, a solution of the bis-alcohol 213 
(3.55 g, 3.45 mmol) in dichloromothano (53 mL) was added dropwise over a period of 50 minutes. The reaction mixture 
was allowed to stir at -60°C for 30 minutes prior to the dropwise addition of a solution of triethylamine (4.75 g, 6.54 

55 mL, 46.9 mmol) in dichloromethane (27 mL). Stirring was continued at - 60°C for 45 minutes and then allowed to warm 
to 0°C. The reaction mixture was diluted with dichloromethane (20 mL), washed with cold 1 M HCI (2 x 100 mL). sat. 
sodium chloride (100 ml.) and dried over magnesium sulphate. Removal of excess solvent afforded the crude bis- 
ketone which was purified by flash column chromatography (50% ethyl acetate, 50% 40-60° petroleum ether) to yield 
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the pure bis-ketone (214) as a pale yellow foam (2.54 g, 72%): 1 H NMR (270 MHz, CDCI 3 ) 5 8.69 (bs. 2H), 7.78 (s, 
2H), 6.75 (s. 2H), 6.05-5.80 (m, 2H), 5.40-5.20 (m, 4H), 4.65-4.60 (m t 4H), 4.20-3.60 (m, 20H), 2.74 (dd, 2H, J= 9.25, 
18.1 Hz). 2.51 (d. 2H, J=-- 17.4 Hz), 2.00-1 .90 (m, 4H). 1.75-1.65 (m, 2H), 0.87 (s, 18H), 0.05 (s, 12H). 

■i Elaboration of bis Ketone and Preparation of the Target Molecule 

1,1'-[[(Pentane-1,5-diy!)dloxy]bis(2-amino-N^ 

2-f-butyldimethylsiryloxymethyl-4-methylldene-2,3-dihydropyrrole] (215) 

w [0223] A solution of potassium- f-butoxide in dry THF (0.5 M, 25.2 mL, 12.6 mmol) was added dropwise to a suspen- 
sion of methyltriphenylphosphonium bromide (4.50 g : 12.6 mmol) in dry THF (15 mL). The resulting yellow ylide sus- 
pension was allowed to stir at 0*C for 2 hours before the addition of a solution of the bis-ketone 214 (2.48 g, 2.42 
mmol) in THF (10 mL) at 10°C. The reaction mixture was allowed to warm to room temperature and stirring was 
continued for a further hour. 

>5 The reaction mixture was partitioned between ethyl acetate (100 mL) and water (100 mL) and the organic layer was 
washed with sat. sodium chloride (200 mL) and dried over magnesium sulphate. Removal of excess solvent gave a 
brown oil that was subjected to flash column chromatography (50% ethyl acetate, 50% 40-60* petroleum ether) to 
afford the product (215) as a yellow glass (865 mg, 35%): 1 H NMR (400 MHz. CDCl 3 ) 6 8.90 (bs, 2H). 7.83 (s, 2H), 
6.82 (s, 2H), 6.05-5.90 (m, 2H), 5.40-5.20 (m, 4H). 4.99 (bs, 2H), 4.91 (bs, 2H), 4.65-4.60 (m, 4H), 4.20-3.60 (m, 20H), 

20 2.70 (bs, 4H), 2.00-1.90 (m, 4H), 1.75-1.63 (m,2H) t 0.88 (s, 1 8H), 0.03 (s, 12H). 

1 J*-[[(Pentane-1,5KJiyl)dtoxylbis[2-ami 
2-hydroxymethyl-4-mcthylidene-2,3-dihydropyrrole) (21 6) 

25 [0224] A solution of TBAF (3.02 mL of a 1 M solution in THF, 3 02 mmol) was added to the bis-siryl ether (215) (1 .23 
g, 1 .21 mmol) in THF (30 mL) at 0°C (ico/acetone). The reaction mixture was allowed to warm to room temperature 
and to stir overnight, the following day : TLC (50:50 EtOAc/Pet-Elher 40° -60°) revealed the complete disappearance 
of starting material. Saturated NH 4 CI (1 50 mL) was added and the reaction mixture extracted with EtOAc (3 X 60 mL), 
washed with sat. sodium chloride (150 mL), dried (MgS0 4 ), filtered and evaporated in vacuo to give a yelbwoil. Pu- 

30 rification by flash chromatography (97% CHCI3/ 3%MeOH) provided the pure alcohol (216) (916 mg, 96%): 1 H NMR 
(400 MHz, CDCI3) o 8.61 (bs. 2H), 7.58 (s, 2H) : 6.79 (s, 2H), 6.05-5.90 (m, 2H), 5.40-5.20 (m, 4H), 5.01 (bs, 2H) f 4.93 
(bs, 2H). 4.65-4.60 (m, 4H). 4.20-3.60 (m. 20H). 2.76 (dd, 2H, , J= 8.42. 15.74 Hz), 2.47 (d, 2H, J= 1 5.93 Hz), 2.00-1 .90 
(m, 4H), 1.80-1.63 (m ? 2H). 

35 1,1'[[(Pentane-1,5-diyl)dioxy]bis(11S T 11^ 

I^^.IOJI.IIa-hexahydro-SH-pyrrolo^J-cHI^-benzodlazepin-S-one] (217) 

[0225] A solution of dimethyl sulphoxide (0.57 mL, 0.63 g, 8.07 mmol) in dry dichloromethane (17 mL) was added 
dropwise, over a 40 minute period, to a stirred solution of oxalyl chloride (2.02 mL, of a 2 M solution, 4.04 mmol) at - 

40 45°C under a nitrogen atmosphere. The reaction mixture was allowed to stir for 40 minutes at - 45°C followed by 
addition of the diol 216 (0.89 g, 1 .12 mmol) in dichloromethane (17 mL). at the same temperature, over 15 minutes. 
After a further 60 minutes a solution of triethylamine (1 .31 mL, 9.42 mmol) in dichloromethane (9 mL) was added over 
a period of 40 minutes. The reaction mixture was allowed to stir at - 45°C for 40 minutes before being atlowed to warm 
to room temperature over 45 minutes. The reaction mixture was diluted with water and the phases were allowed to 
separate. The organic phase was washed with 1 M HCt (2 x 40 mL), water (40 mL), sat. sodium chloride (40 mL) and 
dried over magnesium sulphate. Removal of excess solvent yielded the crude product, which was purified by flash 
column chromatography (1% methanol, 99% chloroform) to afford the product 217 (0.175 g, 20%): *H NMR (400 MHz, 
CDCI3) 6 7.22 (s, *2H), 6.65 (s, 2H), 5.82-5.70 (m. 2H) f 5.58 (d, 2H, J= 9.70 Hz), 5.25-5.00 (m, 8H), 5.75-4.35 (m, 4H), 
4.30 (d, 2H, J= 1 6.10 Hz), 4.15 (d, 2H, J= 17.03 Hi), 4.01 (t, 4H, J = 6.32 Hz), 3.90 (s, 6H), 3.64 (I, 2H, J = 8.70 Hz), 

so 3.00-2.85 (m f 2H), 2.71 (d, 2H. J - 16.29 Hz), 2.00-1 .85 (m, 4H), 1 .70-1 .60 (m, 2H). 

1,1[[(pentane-1 ,5-diyl)dioxy]bis[(11aS)-7-mcthoxy-2-methylidene-1, 2,3,1 1a-tctra hydro- 5H-pyrrolo[2,1-c][1, 4] 
benzodiazepin-5-one] (21 8) 

55 [0226] A catalytic amount of tetrakis(triphenyfphosphine)palladium ( 1 3 mg, 1 1 .2 mmol) was added to a stirred solution 
of thebis-alloc-carbinolamine (217) (170 mg, 0.22 mmol), triphenylphosphine (5.7 mg, 21.6 mmol) and pyrrolidine (31 
mg, 37.3 mL 0.45 mmol) in OCM (13 mL) at 0°C (ice/acetone) under a nitrogen, atmosphere. The reaction mixture 
was allowed to warm to room temperature and the progress of reaction monitored by TLC (95% CHCiyMeOH). After 
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2 hours TIC revealed the reaction was complete to give a spot, which fluoresced brightly under UV light. Thej solvent 
was evaporated under reduced pressure and the resulting residue subjected to flash chromatography (99/. to 98 
CHCMV' *:H) to give the bis-imine target molecule 218 as a pale yellow glass (84.5 mg. 75%) whtch was repeatedly 
evapora. , , „ vacuo with CHCI 3 to provide the imine form: *H NMR (400 MHz. COCI 3 ) 17 M (d S H .J- 4.39 > Hz). 749 
(s 2H) 8 (s 2H). 5.19 (bs 2H). 5.16 (bs, 2H), 4.28 (bs, 4H), 4.15-4.00 (m, 4H), 3.92 (s. 6H), 3.90-3.80 (m, 2H), 
3.12 (dd, 2H, , J= 8.97, 15.93 Hz), 2.95 (d, 2H, J = 15.93 Hz), 2.00-1.85 (m, 4H), 1.72-1.67 (m, 2H). 

Example 2(f) : Synthesis of PBD with ketone on C-ring (172 . UP-2067) (see Figure 13) 
[0227] 




(2S)(4R).N-l4-benzyloxy-5Mnetlw>xy-^^ 
4-hydroxypyrrolidine (168) 

[0228] A solution of 2.2.2-trichloroethylchloroformatc (8.74 g, 5.68 mL. 41 .2 mmol) in dichloromethane (50 mL) was 
added to a solution of 4 (18.2g. 37.5 mmol) and pyridine (5.92 g, 6.1 mL, 75.0 mmol) in dry dichloromethane (200 mL) 
at 0-C under a n.lrogen atmosphere. The reaction mixture was allowed to stir overnight at room temperature and was 
then washed with saturated copper sulphate solution (1 00 mL), water (1 00 mL) and brine (1 00 mL . The organic : phase 
was dried over magnesium sulphate, filtered and excess sofven. removed by rotary evaporation to afforc I the ^produc, 
168 (22.01 g 33.2 mmol. 89%) which was used in the subsequent reaction without further Punf.cat.on. 'H NMR (270 
MHz. CDCI 3 ) 6 9.31 (bs. 1H) ; 7.48 (s. 1H) ; 7.45-7.28 (m. 5H); 6.82 (s. 1H); 5.17 (bs 2H) 4.89 , <d J I = 19 Hz 1H). 
4 70(d. J =11.9 HZ. 1H): 4.56 (bs, 1H); 4.40 (bs, 1H); 4.20-4.00 (m. 1H): 3.95-3.40 (m, 7H); (m n f> ' ^ 
(s.9H): 0.04 (s. 6H). ,3 C NMR (67.8 MHz, CDCI 3 )8 169.2, 152.1. 150.2.136.1, 128.6. 128.1. 127.7, 111.6. 106.2. 95.2. 
74.4, 70.7, 70.5, 62.1 . 57.2, 56.4, 35.4, 25.8, 18.1 , -5.46. 

<2S)-N-I4-benzyloxy-5-methoxy-2-(2\ 2', 2-trichloroethoxy)caibonyl amino]-2-(tert- 
butyldimethylsilyloxymethy1)-4-oxopyrrolldine (169) 

f02291 A solution of DMSO (7.80 g, 99.8 mmol) In dry dichloromethane (1 8 mL) was added dropwise, over 30 minutes. 
Slutic^^^ 

and the reaction mixture allowed to stir (or a further 1 5 minutes. A solutton of the substrate 1«t (2&0 Ig 33 3 mmol) 
in dichloromethane (50 mL) was added dropwise over 40 minutes to the reachon 

stir for 45 minutes at - 45"C. Finally, neat triethylamine (23.52 g. 232.9 mmol) was added dropw«e ove ^30 mtnutes 
and the reaction mixture allowed .0 stir a. -45°C for 15 minutes. The reaction m.xture was aBov^d to warn, to room 
temperature.dHutedwimwaterdSOmDandtheorganicphase washed 

and brine C .0 mL). The organic phase was dried over magnesium sulphate, ^^"^^J" SSw 
aftord the crude product which was subiec.ed to co.umn chromatography ■ (eUry acetate/ 40-60 P^'^ e f° . 
Removal of excess eluen. afforded the product (20.15 g, 92% yield). <H NMR (270 MHz, CDCy 8 7.M (bs, 1 H . 
7.49-7.28 (m, 5H); 6.80 (s, 1H), 5.22 (d, J = 12.1 Hz, 1H); 5.17 (d, J = 12.1 Hz, 1H) ; 4*0 (bs 2H) 4.10-3.60 _(m 8H) 
2.75 (dd. J I = 1 8.0, 9.5 Hz, 1 H); 2.52 (d, J . 1 8.0 Hz. 1 H); 0.87 (s. 9H); 0.06 (s. 3H), 0 05 (s 3H) »C NMR (67.8 MHz) 
5 208 7, 168.8, 151.8, 150 6, 144.7, 136.0, 128.5, 128.1, 127.7, 110.9, 106.4,95.2, 74.4,70.7,66.0,56.8, 56.4, 39.4. 
25.8, 18.0,-5.7. 

(2S)-N-[4-ben Z yloxy-5.methoxy-2.(2\2-,2-trichloro e thoxy)carbonylamino]-2.(hydroxymethyl). 
4-oxopyrrolidine (170) 

[0230] Glacial acetic acid (60 mL) and water (20 mL) were added to a solution of ketone 

THF (20 mL) and the reaction mixture al.owed to stir for 3 nr. (reaction complete by TLC). The ea c ton mudure was 
diluted with dichloromethane (200 mL) and neutralized dropwise with sat. sodium btcarbonale (1.5 L) in a 5 L 
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(effervescence!). The phases were allowed lo separate and the aqueous layer extracted with dichloromethane (2 x 
1 00 mL) The combined organic layers were washed with brine and dried over magnesium sulphate. Removal ol excess 
solvent afforded the crude product which was subjected to column chromatography on silica (ethyl acetate/40-60 pe- 
troleum ether, 50:50) to give the pure product (6.44 g. B3%). ^ NMR (270 MHz, CDCI 3 ) 6 8.77 (bs. 1 H); 7.57 (s, 1H). 
7 46-7.28 (m, 5H); 6.83 (s,1H) 5.13 (S, 2H); 4.85-4.70 (m, 3H); 4.07-3.60 (m : 7H); 2.77 (dd, J = 18.5, 9.5 H2, 1H ; 2 M 
(d. J = 18.5HZ, 1H). 13 C NMR (67.8 MHz, CDCI 3 ) 5 209.0, 169.4, 152.3. 150.6, 145.5. 136.0, 130.0, 128.6, 128.3, 

127.6, 110.9, 107.4, 95.2, 74.5, 70.8, 64.4, 60.4, 56.6, 55.9, 39.5. 

(11s. 11aS)-4-benzyloxy-11-hydroxy-5-methoxy-4-oxo-10-(2\2'. r trichloroethoxyKarbonyl-ainino 1, 10, 11, 
11a-tetrahydro-5H-pyrrolo-[2,1-c][1,4]benzodiazepin-5-one(171) 

[02311 A solution of DMSO (4.45 g, 4.04 mL, 56.9 mmol) in dry dichloromethane (25 mL) was added dropwise. over 
5 minutes, lo a solution of oxalyl chloride (3.58 g, 49.9 mmol) in dry dichloromeihane (14 mL) at -60°C under a mitogen 
atmosphere and the reaction mixture allowed to stir for a further 15 minutes. A solution of the substrate 170 (1 0.93 g, 
20 0 mmol) in dichloromethane (25 mL) was added dropwise over 30 minutes to the reaction mixture, which was then 
allowed to stir for 30 minutes at -60"C. Finally, neat triethylamine (1 1 .15 g, 232.9 mmol) was added dropw.se over 30 
minutes and the reaction mixture allowed lo slir at -60'C for 1 5 minutes. The reaction mixture was allowed to warm to 
room temperaiure, diluted with water (150 mL) and the organic phase washed with dilute HCI (1 N , 1 00 mL) , water (1 00 
mL) and brine (100 mL). The organic phase was dried over magnesium sufphale, tillered and concentrated in vacuo 
to afford the crude product which was subjected to column chromatography (ethyl acelate/40-60 petroleum ether ,50. 
50) Removal of excess eluent afforded the product 171 (9.66 g, 89 % yield). <H NMR (270 MHz, CDCI3) 8 7 .45-7.33 
(m 5H) 7 27 (s, 1H); 6.95 (s. 1H); 5.76 (d. J * 9.9 Hz. 1H); 5.52- 5.00 (m. 3H), 4.33 (d : J = 6.8 Hz, 1H); 4.30 (d J - 
19 2 HZ 1H); 4.00-3 70 (m' 5H); 2.98 (dd, J - 20.0, 10.4 Hz, 1H); 2.94 (d, J = 20.0 Hz, 1H). «C NMR (67.8 MHz) 8 

207.7, 167.5, 154.5, 152.6, 150.8. 149.6, 135.8, 128.9-127.3, 124.0, 114.5, 110.8. 95.0. 86.6, 75.0, 71.1, 56.8. 56.2. 
52.6, 40.2. 

(1 1 „S)-4-benzyloxy-5.methoxy-4-oxo-1 ,10,1 1 ,1 1 a-tetrahydro.5H- P yrrolo[2,1 -c][1 ,4]benzodiazep.n-5-one (172) 

[02321 Cadmium/lead couple (1 .15 g) was added to a solulion of cyclized ketone (1 g. 1 .84 mmol) in THF (5 mL) and 
aqueous ammonium acetale (1N. 15 mL). The reaction mixture was allowed lo stir for 90 minutes and then liltered 
Ihrough celrte. The celite pad was washed with ethyl acetate (2 x 25 mL) and the organic layer separaled. The organic 
layer was washed with brine (50 mL) and dried over magnesium sulphate. Removal of excess solvent I followed by 
column chromatography afforded the pyrrolobenzodiazepine 172 (0.324 g, 0.93 mmol). 'H NMR (270 WfOOA* 
775(d J-44HZ 1HV75KS 1 H); 7.46-7.27 (m. 5H); 5.23 (d, J = 12.3 Hz, 1H); 5.17 (d ; J = 12.3 Hz, 1H), 4.24-4.40 
[m 3Hj 3 96 (s 3H) 3. 1 2 (dd, J = 1 9.6, 8.8 Hz 1H); 2.99 (dd, J = 5.0 Hz, 1H). «C NMR (67.8 MHz) 8 206.7, 165.5, 
161.4, 151.1, 148.5. 140 .5, 136.0, 128.7-127.1.118.9, 111 7, 111.3. 70.9, 56.4,53.4, 51.0,40.0. 

Example 2(g) : Synthesis of (ll a S>-8-Benzvloxv-7-methoxv2-(4-methox y benz Ylide ne-1,2,3,11a.-tettahydro- 
SH-pyrrolo[2,1 - c|[1.41benzodiazepine-5-one (185) (see Figure 14) 

[0233] 




(2S)-W-[(2-allyloxycarbanylamino)-4-benzyloxy-5-methoxy]-2.(f e rtbutyldimethylsilyloxymethyl)- 
4-methylidenepyrrolidine (182) 

[02341 The Wittig reagent. 4-methoxybenzylphosphonium bromide (3.686 g. 0.88 mmol) was added portionwise to 
a suspension of sodium hydride (352 mg of a 60% dispersion, 8.80 mmol) in anhydrous toluene (25 mL) under a 
nitrogen almosphere at 0°C. The mixture was allowed to warm to room temperaiure and then heated at reflux lor 30 
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xbs 1H1 fiw;flBi m 1UI c L , / ( ' J ' 76 " 765 (">• 2H ). 755 m, 7H), 6.9 s, 1H . 6.4) and 6.30 (2 

m 0*0 Anat C a £',o?r f t o £ t H) ' 4 64 " 4 ' 59 (m ' 2H) ' 3 91 - 3 70 < m ' 9H >' 3 00 - 2 95 W HRMS (FAB) 
(M,1). Anal. Calcd for C 38 H 48 N 2 0 7 S 1 : C, 67.83; H, 7.19; N, 4.16. Found C, 67.64; H, 7.33; N, 4.03. 

py^^^ 

5 in THF n° 5 n m °[ JTJr ^ ° 21 ^ 1 M S ° ,U,i ° n ' 1 * ^ WaS added 10 a s ° lu,i °" <* '<* (0 65 g, 0 97 
Excess TH F lac i tl V * mMm W3S a "° Wed '° wa ™ ,0 ™ m "omperature and s ir overnight 
IZZeZ m oo Z BVaP ° ra,i0n Und6r ' GdlJCed preSSUre and lhe residue was P«'»"oned between 
aid dried mlnih.m m ° niUm Cl "° ride ° The ° r9aniC P haSe was washed "rine (1 00 mL) 

was TScZ ToTh Z P T C6SS S ° IVer " 85 eVaP ° raled Under reduced P ressure a " d '"e ^suiting residue 
motnl o !v 1 chromatography (silica gel. 50% elhyl acetate and 50% 40-60" petroleum ether) Re 

65% 1 H NM R ^^MHz S3 7^ ^ ^ - 183 (0.9 g, iTmmo, 

6 2 2 X bs^HSpT«; ^ c^ raf>S m "" Ur ° 8 8 55 <bS ' 1H) ' 7 - 50 " 7 - 10 8H >' 6 - 80 - 6 - 90 3H), 6.40 and 
^ H) 5 S 1 'mom]' I 4 "- 5 ' 10 4H) ' 4 - 55 - 4 ' 70 2H>,4.50-4.30 (m, 1). 3.95-3.80 m, 8H) 3.10-3 90 
(m, 1H), 3.50-3.70 (m, 1H). HRMS (FAB) Calcd for C^h^h^Oj (M+H) 559.2444; Found 559.2«62 

I" 3 10 °f; i ^ , °H y r rb ^ yl " 8 ' benZy,OXy - 1 1h Vdroxy-7-methoxy-2-(4-me,ho l cyben Zy . i dene). 
1,2,3.10,1 1.1 la-hex a hydro-5H.pyrrolo[2,1- c ][1,4]b e nzodia2epine-5-one (184) 

chltSiTZfpM T U ^n™ 0 ' 1 * ° CM <5 ° mL) W3S added d '° pwise t0 a *™« ^ion o, 
a. 45-C a solution « T°* 3 ni,r ° 9en atmos P h ^- After 45 minutes stirring 

After sffrina? 4s"r n 1* * ?' mm0l) ° CM (5 ° mL> W3S 3dded dr0 " Wise ,0 the «"» "5 ™™<es 

mmolf 1 DCM i , ? ,r ,6S ,hG reaC ' i0n miX ' Ure W8S lreated dr °P wise wilh a s °'"»°" °< TEA (0.94 mL 6 76 
aZ!d . ?Lif J 30 minU ' CS - Af,6r 3 SUrrin9 31 " 45 ° C ,or a ,urther 4 <> lhe reaction mixture was 

wim dt e hvTih," 0 " H m frM UrC and ' hen dHU,ed W ' th ° CM (3 ° mL > The di,u,ed raacti - -i«ure wafwashed 

Rem o excS sotonl io h 3? "^'r'" (15 ° mL) ' ^ (15 ° mL) and dried ove ' ma 9 nesium 

SO" ^hl, 1 ?f w ° d lhe Cmde producl ' which was subjected to column chromatography (silica oel 

6 ? n? 40 6 °° Pe,r ° ,eUm 6,her) ' Removal of ™™ ***** a«°'*d the product 184 as an o 

Hfs'so . 17/,;, " ^ i27 ° MHZ - CDC, 3» Cis/,rans mi * * 7 (m. 8H), 6 90-6.8 (m 2H)1 74 ( 

2H ' H RMS (FAR* P i "h f l H) ' 6 ^ 00 < m ' 6H >^ *-™*> ^ <"l 3.98 (s, 3H). 3.90-3.70 (m, 4H). 3 1^2 80 (m 
2H). HRMS (FAB) Calcd for C 3 5H33N 2 0 7 (M+H) 557.2288; Found 559.2277. w«w|m. 

SsoSoT^f I''" 6 • Pyr :° ( ! di " e and P alladium 'e>mkislri P heny.phos P hine were addaed sequenlia.ly to a 
« rn^nh? , °! S " bS,ralC ' n dr ^ The rea '«'°n mixture was allowed to slir al room temperature under a nitrogen 

consumol , , V" ^ i50% ^ ^ 50% 4 °- 60 ' e 'M seated th compfe'e 

ZZZZ»T a T eri3 ' h The re3C ' i0n miX ' Ure W3S eVap ° raled '° d ^ ess and the suiting residue subTecfed 

o°hy Dacota o ^ 40 80 (Sifca h 9 !'' 9fadiem e,lJ,i0,,: 30% e,h y' ace,a,e ' 70% "°- 60 ° P°« r ^^ ^ther to 70% 
ethyl accta.0 30 .4 40-60" petroleum other). Removal of excess eluent afforded the PBD (185) as a yellow qlass that 
was repreapnaied from o.hyl acetate with 40-60" petroleum ether 

!m 2H) 6 H 92 N 6 M "*-™ C U™'«™ -ix 5 7.69 (d, 1 H, J.4.39 Hz), 7.52 (s. 1H). 7.46-7.30 ,m, 5H), 7.20-7.1 6 

rH) 2 3 H i4 6 3 9 ^ ( : 8 S;, ai^otm^H, 6 - 53 ^ ^ ^ 4 52 ^ 2H) ' 3 96 * ^ ^ **■ 
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Example 3 : Synthesis of Compounds of formula III 

Overview of Synthesis 

[0239] The Biaryl PBDs 1 36, 1 38 and 1 40 were obtained by removal of the Troc protecting group from the protected 
carbinolamines 135, 137 and 139. For compounds 136 and 138 the deprotection method of Dong etal. was employed 
(Cd/Pb ammonium acetate butler), however, this approach could not be applied to the preparation of 140 as this 
molecule contained a nitro group sensitive to the Cd/Pb couple. In this case a novel deprotection procedure involving 
the use of tetrabutyl ammonium fluoride was used. The protected biaryl carbinolamines were prepared by the Suzuki 
reaction the common 7-iodo substituted protected carbinolamine 134 was exposed to the appropr.ate boronic acid in 
the presence of a palladium catalyst. This reaction is ol wide scope as over 70 boronic acids are commercially avadatrie. 
The iodo substituted protected carbinolamine 134 was furnished by Swern oxidation of the pnmary alcohol 133. The 
Swem procedure was particularly effective in this case but other oxidizing agents such as the Dess-Martm reagent. 
TPAP or pyridine sulphur trioxide complex and DMSO could also be employed. The primary alcohol 133 was afforded 
by coupling commercially available pyrrolidinemethanol to the Troc protected anthranilic acid chloride obtained by 132 
by treatment with oxalyl chloride. The Troc protected acid was in turn prepared by exposing the anthranilic acid 131 
to 2 2 2-trichloroethyl chloroformate. Other protecting groups can be used In place of Troc such as Nvoc, Teoc and 
Fmoc'but care must be taken in choosing a protecting group as some groups such as Boc spontaneously form the 
isaloic anhydride when exposed to oxalyl chloride prior to the coupling step. 

[02401 The 9-methoxy PBD (1 01) was prepared in an analogous fashion demonstrating the versatility of the approach^ 
[0241] The 8-amino PBD (151) was prepared by the removal of a Troc protecting group from the ammo substituted 
protected carbinolamine 150. The free amine was obtained by removal of an Fmoc protecting group under standard 
conditions (piperidine/DMF) from the protected carbinolamine 1 49. Swern oxidation of the primary alcohol 148f urmshed 
149 in good yield, the substrate for oxidation reaction was prepared by Fmoc protection of the aniline 147. Reduction 
of the nitro compound 146, with tin chloride furnished the aniline, hydrogenation could not be employed to reduce the 
nitro group as the Troc system does not withstand these conditions. The nitro compound 146 was prepared by the 
coupling of the acid chloride derived from 145 with pyrrolidinemethanol in the presence of base. Finally, the protected 
anthranilic acid 145 was furnished by exposing the commercially available 4 nitro anthranilic acid 144 to Troc Chloro- 

[024? The 8-benzyloxy-7,9-dimcthoxy PBD (143, UP2022) was prepared by a slightly different approach which does 
not involve the use ol anthranilic acid starting materials but proceeds through 2-nitrobenzoic acid intermeddles. The 
PBD was obtained from the protected carbinolamine 142 by removal of the Troc protecting group under the usual 
conditions The protected carbinolamine was furnished by Swern oxidation ol primary alcohol 1* I which m turn was 
prepared by selective protection of the amino alcohol 1 26 as the Troc carbamate by exposure to .Troc Chlorofomate 
in the presence ol pyridine. The amino alcohol was obtained by reduction of the nitro compound 1 25 with Raney N.cke 
and hydrazine (again hydrogenation could not be employed due to the presence of a benzyl group). The nitro alcohol 
125 was prepared by coupling pyrrolidine methanol to the requisite 2-nitrobenzoic acid 124. This ^nrtro benzoic acid 
was not commercially available and was prepared in four steps from the available syringic acid 87. Nrtrat.on ol the 
ester 122 was proceeded smoothly using Copper nitrate in acetic anhydride. The ester 122 was obtained by standard 

^243] The PBDs 96. 113, 120 and 194 were obtained in an identical fashion from the 2-nitrobenzoic acids 19, 108, 

[0 1 244] d ife dimer 90 was prepared in an analogouslashtonlromthecorenitrocompound 85; the core was assembled 
by joining together two units o. the phenol 84 via Mitsonobu etherification. The phenol 84 was denved from syrmgic 
acid 83 in a three step synthesis, the crucial step being the nitration of 82 which was performed with 70 n : ac* 
[02451 The phenolic PBD 130 was prepared by an analogous route to that used (or the synthesis of the PBD 143. 
however the requirement to inco.porale a phenolic group prompted the use ol a dillerenl protecting group Teoc The 
free PBD was obtained by treating the Teoc protected carbinolamine 129 with TBAF in warm acetonitnle. The phenol 
129 was unmasked by the hydrogenolysis of the benzyloxy moiety of 1 28 in the presence of the Teoc protecting group 
(Troc would not survive under these condrtions). The benzyloxy compound 128 was obtained by Swern oxidation of 
the primary alcohol 127 which was prepared by treating the amino alcohol 1 26 with Teoc chlorolormate in the presence 
of base. 
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Example 3(a) : Synthesis of the C9/C9 -Dimethoxy PBD Dimer (90, DRH-165) (see Figure 15) 
[0246] 




O-Acetytsyringic acid (82) 

[0247] A suspension of syringic acid 81 (1 0.0 g r 50.5 mmol) in acetic anhydride (30.0g, 27.7 mL, 294 1 mrnoi) was 
warmed gently until a clear solution was obtained. Fused sodium acetate (0.5g, 6. 1 0 mmol) was added to the solution 
which was allowed to stir for 16 hours at room temperature. The solution was poured into water (100 mL) and stirred 
thoroughly to ensure hydrolysis of any excess anhydride. Crude OAcetyl-syrlngic acid was recrystalli/ed from water 
to afford the product as an off-while powder (11 .2 g, 46.7 mmol). H 1 NMR (270 MHz, CDC! 3 ) 5 7.36 (s 2H) 5 94 (br s 
1 H), 3.87 (s, 6H), 2.35 (s, 3H). HRMS calcd for 240.0634 ; found 240.0637 

4-Acetoxy-3,5-dimethoxy-2-nitrobenzoic acid (83) 

[0248J Fuming nitric acid (5.2 mL) was added, carefully to a solution of ^acetylsyringic acid 82 (1 1 .1 g, 46 2 mmol) 
in acetic anhydride (33 g, mmol) at 5°C and the reaction mixture was then allowed to stir for 3 hours at room temperature 
The react.on mixture was poured over ice (300 mL) and the yellow precipitate was collected by filtration, washed with 
water (3 x 100 mL) and dried in vacuoXo afford the product as a pale yellow solid (12.4 g). H* NMR (270 MHz CDCI0 
6 7.37 (s, 1H), 3.92 (s, 3H), 3.90 (s, 3H), 2.39 (s, 3H). ' 3 

Methyl 3, 5-dimethoxy-4- hydroxy- 2-nitrobenzoate (84) 

[0249] A catalytic amount of DMF (5 drops) was added to a solution of oxalyl chloride (6.3 g, 49.8 mmol) and o- 
n.trobenzoic acid 83 (12.4 g, 45.2 mmol) in anhydrous THF (100 mL) and the reaction mixture allowed to stir at room 
temperature for 16 h. The resulting acid chloride was quenched dropwise with anhydrous methanol (100 mL) at 0°C 
The reaction mixture was treated with potassium carbonate and allowed to stir at room temperature for 3 h Excess 
solvent was removed by rotary evaporation at reduced pressure and the residue dissolved in water. The aqueous 
solution was acidified to pH 8 and the resulting white precipitate was collected by filtration, washed with water (2 x 1 00 
mL) and dried to afford the product as an off-white solid (10.6 g, 83%). H 1 NMR (270 MHz, CDCI,) 5 10 07 (br s 1H) 
7.26 (s, 1H) ( 3.97 (s ; 3H), 3.91 (s, 3H), 3.85 (s, 3H). 

1\ 3*-Bis(4>carboxy-2,6-dimethoxy-5-nitrophenoxy)pTOpane (85) 

[0250] Diethylazidodicarboxyiate (7. 19 g, 41 .3 mmol) was added dropwise over 0.5 hours to a cooled, stirred solution 
of the phenol 84 (10.61 g, 41 .3 mmol) and TPP (16.24 g, 61.9 mmol) in anhydrous THF (100 mL), and allowed to stir 
for 1 h. A solution of 1 ,3-propanediol (1 .57g, 20.6 mmol) in THF (30 mL) was added dropwise and the reaction mixture 
allowed to siir for 16 h. The reaction mixture was then treated with IN aqueous NaOH (200 mL) and heated at reflux 
for 3 h. Excess solvent was removed by rotary evaporation under reduced pressure to afford an aqueous suspension 
which was extracted with EtOAc (3 x 300 mL). The aqueous extract was acidified with concentrated HCI and the 
precipitate collected by vacuum filtration. The precipitate was suspended in water (500 mL) and after stirring for 10 
minutes, the suspension was filtered to afford the product as an orange solid (6.11 g, 60%) H 1 NMR (270 MHz CDCM 
& 7.32 (s, 2H), 4.36 (t, 4H,) t 3.92 (s, 6H), 3.90 (s, 6H), 2.20 (t, 2H). 

(2S)^,1vt[(propane-1,3-diyl)dioxy]bfst2*nUro-3,5-dimethoxy-1,4-phenylene)carbonyl]Jbis 
[2-(hydroxymethylpyrrolidine] (86) 

[0251] A catalytic amount of DMF (3 drops) was added to a solution of the acid 85 (6.1 g, 12.4 mmol) and oxalyl 
chlor.de (2.37 mL. 3.45 g, 27.2 mmol) in anhydrous DCM (60 mL) and the reaction mixture allowed to stir at room 
temperature for 1 6 h. The resulting acid chloride was added dropwise over 0.5 hours to a stirred solution of TEA (6.26 
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was then allowed to stir at room temperature for 6 h. The reaction mixture was wa 

(3 x 100 ml), saturated N aHCO s (3 x 1 00 mL). brine (3 x 100 as a yellow g.ass (8.25 

. T~^^^^^^^" 3 90 (s ' 6H) - 386 ' 3 67 {m - 

4H), 3.41-3.27 (m, 4H), 2.23-2.12 (m. 2H), 2.11-1. 72 (m, 8H). 

(2S>-1,r-nipropane-1 > 3^iyl)dioxy]bis[2.amino-3,5-dimethoxy-1,4-phenylene)carbonyl]lbis 
[2-(hydroxymethylpyrrolidine] (87) 

[0252 1 Hydra*ne<3.4 5g ,107,r,^ 

40 mL) heated at rellux over Raney nickel (5 9, slurry). Heating was continued for 

3H), 3.83-3.46 (m, 14H), 2.20-2.1 3 (m, 2H), 1 .97-1 .66 (m, 8H). 

(2SH , r . tt(propan e-1^^ 
20 carbonyi]]bis[2-(hydroxymethylpyrrolidine} (88) 

» m >tR n a or mmol 1 9 ecri in dry DCM (1 0 mL) was added 
J0253J A solution of 2,2,2-trichloroethy.chloro.ormate :(M5 I g ^66 mmol, 19 eg) J ^ ^ 4 ^ 

dropwise over the space of 0.5 hours to a solution of 87 (2.28 g, 3 6 ™°|> » 1 » dj , uted wjth DCM 
dry DCM (50 mL) and allowed to stir for 16 hours at room temperature. ThO region rmxturo 
. (£o mL) and washed with 1N HC- (3 x 200 mL) H 0 ,! 0 njL Jbj < M 30 mL nd dned^ ,^ ^ 

MgS0 4 . Purification by flash chromatography (.tea £ E.OAc) ^d the P p ^ ^ ^ ^ 

H' NMR (270 MHz, CDCI 3 ) Rolamers S 9.21 and 8.40 (2 x br s, ^^), an v 
3.33-3.30 (m. 4H), 2.04-1.69 (m, 10H). 

1 ,2.3.10,1 1 ,1 1a-hexahydro-5H-pyrrolo[2,1 -c]{1 ,4]benzodiazep.n-5-one. (89) 

,0254, A solution o, dry DMSO (14.9 mrnol, 1 ,7g, 1 .06 mU in dj DCW I (5 mL) J^J^^^^^ 
o a stirred solution of oxalyt chloride in DCM (7.38 ^f^^.^^^^^ < 5m L) was added 

35 at -45-C. After stirring for an additional 1 5 minutes a solut on o ^ ^ 63 J™ ^oi) was added dropwise 
dropwise over 45 minutes at -45<C and stirred for 45 m.nutes at -45 C TEA (2.12 g£ » temperature, 

over 30 minules and stirred for a further 1 5 minutes. The ™ 100 mL), brine 

and diluted with water (100 mL). The organic layer was washed w J^TS'JS- afforded the product 
(3 x 100 mL) and dried over anhydrous MgSC- 4 . FUlration and evapo at.o ,n c >***°^ n ™ ^ „ 2H _ j. 

40 as a yellow glass (0.73 g). H 1 NMR (270 MHz, CDC 3 ) 5 7*6 (s 2H , 5 .61 (dd - 3 39 9.9 Hz), 
11.72 Hz), 4 62 (d, 2H. J= 11.91 Hz), 4.29-4.21 (m, 6H), 3.97-3.46 (m. 16H), 2.28-2.01 (m. 10H). 

Preparation of 10% Cd/Pb couple 

- peq YeHow leadoxide (litharge, 1.8 g, 4.9mmol) was i disced in 

was sowty added to a vigorously stirred suspense of Cd dust (A.dr ch "» ™*. ' jth 

n^rz^^™^-— — 

to storage and use. 

50 1 . 14[ P r opane.1 l 3-d l y. ) d i oxy]bi S t(11aS)-7,9.dim e thoxy-1, 2 ,3,11a-tetrahydro.5H-pyrro.o l 2 
benzodiazepin-5-onc. (90) 

(0256 , Cadmium/lead couple ,3.8 mmol Cd, 0.47 g of CdvPb couple) was added to V^^^S^ 
55 89 ,0.76 g, 0.8 mmo.) in THF (10 mL) and IN NH 4 OAc (10 ^ B ^"™SE^^ i JcTZte* the 
was diluted with DCM (1 50 mL) and dried over MgS0 4 . Rltrahon and yrvs carb inolamines 
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2.27-179 (m, 10H). MS (FAB) m/e (relative intensity) 594 (M + 2 ; 27%), 593 (M+1 , 69%) 
Example 3fh) : Synthesis of the C7-Metho *Y PBD (96. DRH-271) (see Figure 16) 
[0257] 



MeO' 



o 



N-(3-Methoxy-2-nitrobenzoyl)pyrrolidin-2-methanol (92) 

102581 A catalvtic amount ol DMF (2 drops) was added to a stirred solution of 3-melhoxy-2-nitro-benzoic acid 91 

reaction mixture was allowed tc stir overnight, before being used directly in the preparation ot 92. A solution of the acid 
chlo We CHCW50 mL) was added dropwise over 1 hour to a vigorously stirred solution o. pyrrolidinemeth- 

a 0 2 i TEA 6.42 g, 63.6 mmol) in anhydrous CHCI 2 (50 mL) ^^^^ZS 

0-C and allowed to stir overnight at room temperature. The reaction mixture was washed w,.h , IN HC. (1 x 00 
H 2 0 (3 x 100 mL) and brine (3 x 1 00 mL). The organic layer was dried over anhydrous MgS0 4 , and evaporation 
solvent afforded a brown oil (6.37 g, 22.7 mmol, 89%). 

N-(2-Amino-3-Methoxybenzoyl)pyrrolidin-2-methanol(93) 

f02591 Hvdrazine hydrate (4 37 g 136.4 mmol) was added dropwise to a solution ol 92 (6.37 g, 22.7 mmol) in gently 
Sg — 

after approximately 10 minutes and the reaction was deemed to be complete by TLC after z n. ne 
rSed through Cite and the so.ent evaporated. Distilled ^^^^Z^ 100 £ 
aqueous mixture was extracted with EtOAc (3 x 100 mL) and washed with H 2 0 (3 x 100 mL) ana i o i , 
and dried over anhydrous MgS0 4 . Evaporation ol the solvent afforded a brown glass (5.49 g, 21 .8 mmol) as a single 

spot by TLC. 

N-(3-Methoxy-2-((2 , > 2' > 2 1 -trichloroethoxy)carbonylaminobenzoyl) P yrrolidin-2-methanol(94) 

10260] A solution of 2,2,2,richioroe,hy, chiorolorma.e (4.61 g. 21 .8 mmol) in distilled ^^J^SS 
added dropwise over 0.5 hours to a stirred solution ot the substrate, 93 (5.46 g 21 .8 mmo and _anhyc ^ 
? 3 Tq 43 5 mmol) in distilled dichloromelhane (100 mL) at 0-C. The reaction m.x.ure was allowed to str for 25 houj 
2 which * TLC showed reaction to be complete. The reaction mixture was diluted w h am ^^^Jn 
and washed with IN HCI (2 x 200 mL), H 2 0 (200 mL). brine (200 mL) and dried over an ^ "^f^ ™ 
of the solvent afforded a brown oil which was purified by flash "'^^^ "''X 3 4^5 m 2H) 3 8 
product as a yellow solid (6.14 g, 14.4 mmol); <H NMR (270 MHZ, CDCI3) 5 1 TWaS i *n 4H) , M £75 ^ 2 

3H), 3.85-4.2 (m, 2H), 4.40 (m, 1H). 4.73-4.86 (m, 2H), 6.86-6.97 (m^H), 7.86 (br d, 1H .J- 9Hz) CNMH^ 
MHZ, CDCI 3 ) 8 169.9, 155.6, 152.4, 128.2, 127.8, 123.6. 116.0. 113.0, 95.4. 74.4. 65.9, 60.9. 55.7, 51.0, 

(1,S/.1aS)-10-<2,Wichloroet^ 
[2,1-c][1 ,4]benzodiazepin-5-one(95) 

[0261] Anhydrous DMSO (3.14 g. 40.2 mmo,) in dry DCM (25 mL) was added dropwise ^ minutes to a sUrred 
En of ox y a.y, ch,oride (2.53 g, 9.96 mL ol a 2 N solution in ^ ( ^« 4 B SrSS. 

stirring for 5 minutes, the substrate 94 (6.03 g, 14.2 mmol) in dry DCM (25 mL) was *^'°P subs , rate 
to the reaction mixture, which was then allowed to stir for a further 45 mmutes at -50 C af, e a||owed l0 
Drv TEA (5 72 g 56.64 mmol) was added dropwise to the mixture over 0.5 hours and the reac ion m.xi 
2for af riheM 5 minutes. The reaction mixture was left to warm .0 room tempore and ^ 1 
The organic phase was washed with IN HC. (2 x 200 mL). H 2 Q (2 x 200 ^ br, > 2 M0 ml and d 
anhydrous MgS0 4 . The solvent was evapora.ed to afford a ye Ho, 6.68 g), The o,lw «jub-jj^l 
tography with EtOAc as eluenl to afford the product as a yellow solid (5.87 g, 13.9 mmol). n mrvi 1 
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10 



15 



14.2. 

7^ethoxy.1,2,3 J 11a.tctrahydro.5H.pyrrolo[2,1-c1[1,^ 

l0262) 10% CCP* couple (2,0 a. 20 mmo, Cd) was — « ^^^^ { ££SZ^ 
a mixture of THF (30 mL) and IN NH40Ac (30 mL). Upon ^^^^^^ 1 dried over anhydrous 
showed the reaction to be complete. The react.on mixture was d by rota ry evaporation 
MqS 04 The solids were filtered and rinsed with EtOAc (50 mL). Removal ol excess solvent oy ry 
under reduced pressure afforded the product as a yellow solid (0.84 g, 3.6 mmoL 90 /„) 

Exam ple 3(c) : Synth^* of the C7-Nethoxy PBD (1 QI^ Gmpifse^^ 



[0263] 



20 



25 
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3-methoxy-2-(2\2 ,2'-trichloroethoxycarbonyl a mino)ben20tc acid (98) 

dich.oromethane (30 mL). The resulting m,xture was cool* land J^^^ HC , , (1N . 50mL)tW>tW (50 m i.) 
reaction mixture was allowed to stir overnight at room ^^"^^Sn 42 g of crud e product, which 
and brine (50 mL). The organic phase was dried over MgSO, and evaporated to y.eld g 
was used in the next step without further purification. 

N-(3-methoxy-2-(2-,2',2--trichtoroethoxycarbonylamino)benzoy«)- P yrrolidine-2-methano!(99) 

,0265, Oxa„ ch.oride (0.57 m,. ,58 mmo,) together with 2 drops o,^ f DM F was ^^^t 
'product obtained from the previous reaction in ^^^^^SS^L added drop wise, over 30 
mixture was allowed to stir at room temperature overnight. ™*< e ^™™° , mL , 14 . 95 mmol) in dry dichlo- 
minutes to a solution of 2S-W-pyrro.idineme.hano. ^J'^^,^^^ with ethyl acetate (20 mL), 
romethane (20 mL) a. -1 6-C. Once coupling was comple. el* react. ^T*^ (25 mL) and brine (25 mL). The 
and washed with 1 N HCI (2 x 25 mL), satd. aqueous NaHC0 3 (2 x 25 mL , « > ^ 

organic layer was then dried over MgS0 4 and evaporated to 8 ve yellow oj NMB (270 MHz, CDC W 
chromatography (pe.ro.eum ether/ethyl acetate, 50 50) to a B. of a pate ye o j = ^ 

d 1.6 - 1.8 (m, 1H); 1.81 - 2.0 (m. 2H); 2.02 -2.21 (m,1H); 3.A I m IH) 3.6 (m 2H), l»( . fc , H); 7.2 (dd. J = 
= 12.3 Hz. 1H); 4.72 (d. J = 12 Hz, 1H); 4.79 (d, J = 12 Hz IH «6 (m. ^^^^^ "3 e 6 .5; 74.8; 75.3; 111.7; 
7.5. J = 8.4 Hz, 1H); 7.36 (bs, IH). «C NMB (67.8 MHz CDC £ 24£ 28 .£50.7 ■ , 21 B _ 

m* 119.1; 122.3; 126.3; 132.9; 152.7; 170.3 IR (Nujol cm- ^ 276 (35) , 2 45 (100), 176 

424.0359. [a]25 Q = - 45.1° (c = 0.63. CHCI 3 ). 
pyrrolo [2,1-c][1,4] benzodiazepin-5-one (100) 

1MM| A .««»n o, DMSO (CMS* 6.63 ^ » .1 « ^—S^^SS^ 
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over 1 hour Following the end of addition the mixture was allowed to stir at -45°C for 60 minutes, then a solution of 
TEA 1 1mL n d hloromethane (6 mL) was added drop wise and the mixture was allowed to warm , to .oorr , ,en> 
Derature The eac.ion mixture was washed with water (50 mL), 1N HCI (2 x 25 mL), satd. aqueous NaHC0 3 (2 x 25 

(3) 275 (10). 245 (15). 217 (10). 176 (100). 150 (8), 120 (6), 70 (95). HBMS Calculated for 0^,70^0., 422.0202, 
Found: 422.0203. [afV + 136.5° t • 0.19, CHCI 3 ). 

(11aS)-9-methoxy-1,2,3,11 a-tettahydro-5H-p V rro»o[2,1-clt1 ,4]benzodiazepin-5-one (101) 

in^AVl Finelv around C*Pb couple (1 .02 g). was added in small portions to a stirred solution of 100 (0.64 g 1.51 
1 u m Z S and 1M NH OAc (10 mL) The reaction was followed by TLC (EtOAc), when no more stamng 

and evaporated to yield the product as a pale yellow oil (0. 28 g. 80%): 1 HNMR 270MH/ 

(5). 146 (4)! 133 (20), 105 (10), 76 (25). 70 (45), 63 (3), 51 (3). HRMS Calculated for C 13 H U N 2 0 2 . 230.1055. Found. 
230.1055. [aPo = + 455.3° (c - 0.6, CHCI 3 ). 

Example 3(d) : Synthesis of the 7.8-Dimcthoxy PB D (106. AG/105)(sec Figure 18] 



[0268] 




5 



4,5-dimethoxy-2-(2-^ , ,2'-trichloroethoxycarbonylamino)benzoic acid (103) 
[02691 A solution o, Troc-CI (0.76 ml. 5.56 mmol) in dry dichloromethane (10 mL) 

Ts dimethoxybcnzoic acid 102 (1 g, S.himo.) and pyridine (0.82 ml, 10.1 mmol) ,n dry ^"T^^^ fj s 
The reaction mixture was allowed to s.ir overnight at room temperature and then washed w«h dtfute »^- f ^ 
ml ) water (2 x 25 ml) and brine (20 ml). The organic phase was dned oyer MgS0 4 and evaporated to y.e.d 
product (1.6 g). which was used in the next step without further puntication. 

N-(4,5-dimethoxy-2.(2»,2-,2"-trlchloroethoxycarbo n ylamino)benzoylVpyrrolidine-2-metharol(104) 

[02 70, Oxalyl chloride (0.38 mL, 4.33 mmo.) was added to the -^^^^^Z^X 
previous reaction, together with 2 drops o. dry DMF in dry dtchloromelha e (30 mL)_ Al e, .mUal strong e 
L mixture was allowed to stir a, room temperature overnight. The ^* ^ o( dry 
30 minutes, to a solution of 2S-( + )- P yrro.idinemethanol (0.44 g, 4.33 mmo ) and TEA (T37 ml 9AS rnrr , ) J 
i. 1 „ Cml , 3 , , R . r Thprcflciion mixture was diluted with ethyl acetate (20 mL), and wasneawnnuuu. 
d,chloromethane (15 mL * -16 C ii T < h °;° a r C "°"73 0 e rnU water (30 mL ) and brine (30 mL). The organic layer was 
HCI (1N. 2 x 30 mL), satd. a ^ TOUS N a " C ° 3 J™ product was purified by flash chromatography 

then dried over MgS0 4 and evaporated to g ve a ye^w o, . The crude produc P y ^ 

(petroleum ether/ethyl acetate = 50/50) to y.eld the product (1 J g, 70 A) as yellow l 
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( 11S,11aSV7,IWimethoxy-11-h^^ 
pyrrolo [2,1-c][1,4] benzodiazepin-5-one (105) 

F02711 A solution of DMSO (0.9 ml. 1 2.9 mmol) in dry dichloromethane (1 5 mL) was added dropwise over 30 > minutes 
o a Lio f oxaly. chloride (6.4 mrno.) of dry dichloromethane (.5 mL) Keeping the ^^^^^^ 
reaction mixture was allowed to stir for further a 30 minutes at which pent a solution of 104 (2.1 g 4.61 mmol) « 
Sh«ane (35 mL) was added drop wise over 1 hour. After addition of the substrate .he 
allowed to stir at -45"C for 60 minutes, and then treated with a soluHon of TEA (2.56 mL) in of d.chloromemanc pu 
mU W e e added drop wtee and the mixture was ailowed to warm to room temperature. The reaction m.x.ure was 
, : he'd ' J %S£ (75 mL). difute HQ (1 N. 75 mL), water (75 mL), brine (75 mL) 

5 —2^ 

452.0309. |aP 0 = + 104.7° (C= 0.27, CHCI3). 

(11aS)-7.8K l imethoxy-1.2.3.11a-tetrahydro-5H-pyr ro lo[2,1-cll1,4]be n zodia Z e P in.5-o n e (106, AG/105) 

" 102721 Finely ground Cd/Pb couple (3.12 g) was added portion wise to a solution of 105 (1 g. 2.2 mmol) THF (10 
Ed Nh!oAc 7 1 M 10 mLV The reaction was followed by TLC (EtOAc), when no starling matenal was presentee 
S ure Z'pZL into ethyl acetate (400 mL). The organ', phase was dried over MgSO, and evaporated to y eld 
mo crude product, which was purified by Hash chromatography (EtOAc) .0 g*rc ot .ho pure compound^ a a pale ycMow 

? 5 o, (0.45 ^78%): ■„ NMR ,270 MH. COC. ) S 2.08 y, 2H>; 2,9 2H), 3 53, .6 1 » 8£ ^ ^ 

1450. 1434. 1500. 1453. 1263, 1217. 1010. 908. 735. MS: m/e (relative intensity) 260 (M+. 100). 24 ^231 (25). 
217 (10). 191 (20). 164 (25). 136 (20), 121 (5), 93 (8). 70 (10). HRMS Calculated for C l4 H 16 N 2 O 0 . 260.1160. Found. 
30 260.1161. fal 2s D = *■ 1004.7° (c = 0.17. CHG3). 

Example 3fe) . Synthesis of the 6,7.8-Trimethoxv PBD (113. DR H-NA7) (see Figure 19) 



[0273] 



35 



40 




is 2,3,4-Trimethoxy-6-nitrobenzoic acid (108) 

rnrzai ? 3 4 irimelhoxvbenzoic acid 1 07 (25 g. 1 1 7.8 mmol) was added porlionwise to a stirred solution of 70% nitric 
S2 oSor ^ESrS^S* mixture was poured into cold water (1 250 mL) and stirring was cont.nued for 

Omlte^T^ 

50 1 ™ne 2 x 200 mL) and dried over anhydrous MgS0 4 . Evaporation o, I excess solven, ,n 

as e pure white crystal.ine solid (1 8.67 g, 60%): R,= 0.5 (silica, E.OAc); .R ^J^™^*^™^* H s) 
1401. 1308. 1246. 1168, 1111, 1028, 920. 852, 789, 773, 728, 68 . o«r'; 'H NMR 1(270 ^ ^^^^ 
4.0 (3H. s), 3.95 (3H. s). 3.90 (3H, s): ™C NMR (67.8 MHz, CDCI 3 ) 6 166.0, 153.2. 1 50.1 , 147.79, 139.6. 120.8, 103.6. 
62.2,61.1,56 .5; MS (El) m/z 258 (M+1), 240, 214. 

55 

N-(2-Nitro-4.5,6-trimethoxybenzoyl)pyrtolidine-2-methanol (109) 

[0275] A catalytic quantity of DMF (2 drops) was added to a stirred solution of 108 (10 g. 38.9 mrno.) and oxaly. 
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w 



15 



20 



25 



cnloride (5.87 9 . 46, mmo,) in dry CHCy 1 00 ,mL) «* ^ ST S 

to stir overnight, and the product was used d,rectly .n the nex tage o tri e,hylamine (12.4 

was added dropwise to a stirred solution ol ^'^^^^^Z aMm n was complete, the reaction 
mL. MB. 97.0 mmo.) in anhydrous DCM ^f^ZS^Tes^ mixture was washed with 1 N HC. 
mixture was left to warm to room temperature and left to s " r °^ ern '9 were dtied (MgS 0 4 ) and the solvent 

(100 mL), water (100 mL), and brine (2 x 100 ^ T*T™"i*™< ^ +135 ' <C = 

was removed in vacuole aftord 109 (12.1 g, 9 %) as a pale_ yellow on. R, I ^ ^ 84g 822 

0.1 . DCM); IR (neat) 3400. 3105, 2947. 2878 1652 ™>^"f^ j . 2 . 93 Hz). 4.07 (3H, s). 4.03 (3H, 
792. 758, 733. 646 cm '; 'H NMR (270 MHz, COCy 1 8 T59 pH. ft 4.4 W • ^ NMR ^ CDCbi 

L^rs^^ 

24.3; MS (El) m/z 341 (M+1). 324, 309, 293, 277, 264, 254. 
N-(2-Amino-4,5,6-trimethoxyben Z oyl)pyrrolidine methanol (110) 

,0276] Hydrazine hydrate (5.67 g, 177.2 mm* was added ' ^^^^^1?^ 
gently retluxing methanol (142 mL) over Raney nteke. (; .45 g. stanfr The g 9 ^ g h ^ 

gas subsided after approximate* 10 minutes and the water (200 mL) was added to the 

feacUon mixture was It** through ce.ite and the soke m evaporate LD £ e J I phase ^ 

residue, and the aqueous mixture was extracted wrth DCM (2 IX 10C > nfOja solven , afforded 110 

H 2 G (3 x 100 mL) and brine (3 x 100 mL) and dned ^-hy^ MgSO . Evap ^ ^ ^ 2(J79 

(11 24 g) as ayellow oil. R,^ 0.14 (silica, EtOAc); [mp* ° = +™£:° 7 l'^ w79 n. 817. 731 , 646; 'H NMR 
2843. I^, 14^14^ 

(270 MHz. CDCI 3 ) 86.10 (1H, s), 4.37 (2H, d ' =3^67 Hz 3. 93 (3H 8) I i f ^ ^ ^ „ 8 

^ ~ ™ 194 - ,8 °' u9, 1 " ,02 ' 83, * 57 

N . (2 . [W T ri ch^^ 

[02 771 A s„rred solution of 110 (11 .24 g. 36.3 mmo,) in DCM 

las tiated dropwise with M*"*^ lhe reacU °" mMuw *?? 

atmosphere al 0°C. One hour after the addton o1 2 2, 2-lr ch ° r ° e1 ^" (2 x , 00 mL) and drie d (MgSO„). The 

withDCM<100mL)andwashedv^.N^ ^ ^ |R , t) 

solvent was removed to vacuo to ^ \11 (1544 9 88 *»» » £ * r 1008 ^ 760 , 624; >H NMR (270 MHz 

0 6.7,8-Trimethoxy-10.(2- > 2-,2'-trichloroethoxycarbonyl)-1.2,3,10,11 > 11a hexany 
benzodiazepin-5-one (112) 

m A solution o, oxaly. chtoride in DCM (22.3 mL o, JjJ ^^^5^ 

mL) a - 45»C was treated dropwise with a solut.on o. anhydrous DM90 (6 39 mL and lreatGd with a 

« 06 24 mL) over a period of 1 5 minutes. The reaction J^™*^ 8 ^ , or 45 minutes. Trlethylamine (17.7 
'solution 01111 (15 44 g. 31 .7 mmo,) in dry DCM (34. « and sur red at 45 C 0^ ^ ^ ^ ^ ^ 

mL. 127.1 mmoi) was added dropwise to the "^^^^^^^^^^.^n^ 
minutes. The reaction mixture was allowed to warm C^ SO <> The reaC,i ° n ^ 

tayer was washed wth IN HCt (200 mL), water (200 mL) J"~g»£ L j£j me protj 9 uct ,\ 2 (8 2 7 g, 54%) as a clear 
so evaporated and purified by ..ash column cOT^ ( « W aft. r P ^ ^ ^ 2B85 1 32 
yellow glass: R,= 0.48 (silica, EtOAc); [ap 2 0 +190 (C 0J5. DOM), ^ 1 I ^ ?84 7S6; 720s 

5«. 1493, 1456. 1399. 1372. 1334. 1299 1264. 244 1201. 1 18. 10M 1« j= ^ ^ , „ „ 

693, 624; i H NMR (270 MHz, CDC 3 ) 5 6.64 (1H. .). 5 58 ( H s) 5 31 (1H ). ^ ^ [W m) . ,3 C 

(1H m). 3.96 (3H, s). 3.91 (3H, s), 3.90 (3H I si 3. 77 <2H. ) 3.5S « 4 2-1 I 62 . 30 ,61.36. 60.48. 

55 NMR (67.8 MHz, CDCI3) o 163.49, 154 L32 152.30 ^2951 ,121 .16 ^ ^ ^ 1()2 ^ ?0 57 . 

56.09. 45.56. 28.44, 22 85: MS (El) m/z 485 (M+1). 467, 398, 3B4. 3bU. ^ 



68 



to 



EP1 193 270 A2 

6,7>T,imet h «>xy.1*3.10.1^ 

,0279, 10% Cd/Pb coup, (2.57 g. 20.6 mmo, Cd) was added ,o a ^solution 

20 mL) and IN NH 4 OAc buffer (20 ml) and let. a. room ^ £^E5X « ^° mL) and dried 

EtOAc (200 mL) and washed with water (2 x 100 mLV Theo '^ as ass; R . 0 , (slllca , EtOAc); 

< Mg S0 4 >. The solvent was removed I ft, VSCUO < ,g « 0J M "J^ « 1359 , 1275 , 1245 , 1203. 

fal2 07 . +5 05° (c = 0.1 , DCM); IR (neat) cm i 3339. 297 lMW. 181 V ^ g ^ (1 

?5 K^^^^ SSS Si. * .) 2.2,2.23 (2H. m). 

t££mW™* (FAB) ca.cd .or C 15 H 18 N 2 0 4 0*1) 290,266, .ound 290,208. 
P . amn ,» jffl : Synthesis oj *He 7.8.9.T, i methoxy PBD (1 20, DRH-69) (see FigureJO] 
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OMe 

O V ""^ 



3,4,5-Trimethoxy-2-nitroberi2oic acid (115) 



it a (04 n 89 9 mmol) was added to a 5% solution of KOH ( 1 8 g) 
[0281] Me«hyl 3,4.5-trimethox y .2.n.troben2o,c ^ 7 J^ ZporsMo, of the solvent aHorded a grey rescue 
in MeOH (357 mL). The mixture was heated at reflux for 50 m,™ tesLtvap concentrated HCI. and 

whKh was dissolved in H 2 0 (200 mL) The result.ng atohne was ac drfted t P ^ ^ ^ 

extracted with CHC 3 (3 x 100 mL). The ^ JjJ £Jj£> ^aHine solid (20 .67 g. 80.4 

N-(2-Nitro-3,4.5-trin,ethoxybenzoyl)pyrrolidine-2-methanol(116) 

ro28 2J A catalytfc amount of DMF (2 drops) was added to a ^JJ^^^^^SS 
Lride (1 .40 g, 11 mmol) in dry CH 2 C, 2 ^^^nX^SSS^O^ (40 mL) was added drop- 
overnight, the resulting solution o( the "^^S t1 g. 11 mmol) and TEA (2.52 g, 25 mmol) 
wise over 1 hour to a vigorously stirred solution of pyridine mHtanri ( . i^ ' room |ernperalure . 

in anhydrous CH 2 CI 2 (40 mL) under a nitrogen atmosphere at I C ; and allowed to s 9 ^ ^ p x 5Q 

The reaction mixfure was washed with IN HC. (1 x 50 yellow oil (2.81 g, 8.3 mmol): 

mL) and dried over anhydrous MgS0 4 . Filtrat.on and evapora .on o "**%T 3 * 3.3.3.5 (m> 2H ). 3.7-3.9 

W : 0.47 (5% MeOH/CHC«3), <H NMB (270 MHZ, CDC 3 ) 6 1 7*0 (m ^ 2 I ^ g ^ g ^ g 

r m OH* ^Q-4 0,2XS 6H1 4.0-4.1 (S, 3H . 4.2-4.3 (m, 1M), G.f [S, l nj , v> * 

( W 9 14^ 12 ( 8 8 ViJ: 65.8. 62.6. 61.4, 61 .2, 56.6, 50.2, 28.4. 28, 24.5, 1 4.2. 

N . (2 .Ammo-3,4,S-tnmethoxybenzo y l)pyrrolidine-2-methanol (117) 

[0283] Hydrazine hydrate (1 .33 mL. 41 * -» JP~£ ^ous evofutd h^ogen 

methanol (142 mL) gently re.luxing over Raney nickel (500 mg be complete by TLC after 2 h. The 

qas subsided after approximately 10 minutes and the reac .on w ~ *^~^ wal ^ l0 o mL) was added to the 
Action mixture was filtered through ce.ite ^^^^^"Sti-d organic phase washed 
residue, and the aqueous mixture was extracted wUh EtOAc (3*"» I Evapora ,i 0 n of .he solvent afforded 

with H 2 G (3 x 100 mL) and brine (3 x 100 mL) ^^.^^^f^o (m, 3H). 2,-2.2 (m. 1H). 3.4-3.7 
the product (2.18 g. 6.5 mmol) as a brown o* 'H ^ffl^^f^ 6 (s. 1H) «C NMR (67.8 MHz, CDCI 3 ) 5 
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N .2^Tri C Moroethoxycarbony>am i no)-3 l 4 > 5.trim e .hoxybcnzoyl)pyrroHdin e -2-methanol(118) 

added dropwise over 0.5 hours to a solution of anhydrous pyr. d.ne (0_93 O^JjJM " dj|u(ed wjm anhydrous 
q. 5.9 mmol) in distilled drchloromethane (60 ml) at O'C^ After 1 f^MnTmL^^^ anhydrous MgSO A . 

DCM (100 mL) and washed with 1 N HO <2x 100mL). H 2 0 (100 mL), I ^"^ n 8 J^J >h , Ling wi* 1% 
Evaporation of the solvent yielded a brown oil which was punt .ed by flash M^ogomjoj ap y 9 
MeOHV 99% CHCI 3 to afford the product as a yeMow o.l I (1-83 9 J « H NMR (270 MH 3) ^ 

3H). 2.1-2.2 (m, 1H). 3.3-3.6 <m, 2H). 3.6-3.85 (m, 2H). 3.839 m 9H . A 4 3 (m, H) l ^ 

6.6 (s, 1 H); «C NMR (67.8 MHz, CDCI 3 ) 8 169.9, 153.2, 151 .9, 143.1 , 128.5, 120.1, 105.2, 9b.d, 
61 0. 56 3,50.6, 28.7,24.6. 

<11 S ,1aS)7,8,9-,r^emoxy-11-hyd^ 
pyrrolo[2,1-c][1,4] benzodiazepirt-5-one (119) 

,0285, AnhydrousD M SO(3,5ml.44.3mrno0ind^^ 

Ltion o. oxaiy. chioride ,2.79 g, 11 .0 ml o, a 2*so^ " «^ 5 ^£S£ (7.59 g ; 15.6 mmol) 
atmosphere at -45'C (varied between -38- and -48 C) - A * ^ rnn 9 1 ° 15 ^ xlure which was lhen stirred , or a further 
in dry DCM (17 mL) was added dropwise over 45 mmu es to the reacf on m ,xtme ^ 
45 minutes a. -45>C after .he final addition of the substrate. D ^^^ X ^Z aLed to warm to room 
,o the mixture over 0.5 hours and ^^'^l^^^^ separated, washed with brine 
temperature and the reaction mixture diluted with H 2 0 80 mL). I ne o\ H e soljd 

(2 x 100 mL) and dried over anhydrous MgS0 4 . The sotvent was evapora ed to .afford the p 

4.39g 9.1 mmol): 1 H NMR (270 MHz, CDCI3) 6 1 .95-2.2 (m, 4H), _f " 7^*66 5 155 2 T53 5 1 53.3, 50.0, 144.5. 
dd. 2H). 5.6-5.7 (q, 1H), 7.1 (s, 1H); 13C NMR |5 186 ^ 66 *f 5 J ^ 46 . 3 , 287 , 

129.5. 129.0, 121.7,106.4. 106.2,94.6,86.1,85.9,75.7 75.2,61.5,61.3,60.9,60.1 



28.6. 23.0. 



7 ,8.9.Tn m ethoxy-1.2,3^^ 

' ,0286, 10% Cd,Pb coup, ,1 .25 9 . 10 mmol Cd, was added to ^^^^Z^^- 
(1 .00 9. 2.1 mmol) in a mixture 0. THF (1 3 ml) and IN NH^OAc (8 rrt£ Upon add t,o ^ (2qo ^ 

After 40 minutes , TLC showed the reason to ^"J^^S. with EtOAc (50 ml). Evaporation 
The solution was dried over anhydrous ^0^*^™* J , H NMR (270 MHz, CDCI 3 ) 8 7.73 (d, 1H, J 

5 of the solvent yielded the product as a yellow glass (0.581 g , 2.0 rnmoi) n ( 
= 4.57 Hz), 7.08 (s, 1H), 4.0-3.4 (m, 12H), 2.4-1.8 (m, 4H) 

DRH-16B ) (see Figure 21) 

10 

Methyl 4-hydroxy-3,5-dimethoxybenzoate (121) 
[02 8 71 Concentratedsulpburica^ 

methanol (70 mL). The reaction mature ^as heated a. 7^ , ^^^^ ocM ^ IC , (c .l 5 on t )and.U««d 
4S and concentrated to a third of its original volume. The concentrate W° combined organic 

,o stand for 30 minutes. The aqueous mixture ^ STted Jin nnydrous MgSO, Removal of 

phase washed with distilled water (3 * 1 00 mL), bnne (3 , 100 mL) and «J£ » ^ , H NMR (270 
ecxess solvent under reduced pressure afforded the prod c as . a yotow eh* 12 V 0 mh & ^ 

MHz. CDCI 3 ) 8 3 9 (s, 3H), 3.95 (s, 3H), 3.975 (s. OH). 6.1 (s. 1H), 7.3 (s, 2H), O N I 
50 146.6,139.2, 121.0. 106.6,56.4,52.1. 

Methyl 4-Benzyloxy-3,5-dimcthoxybenzoatc (122) 

m Benzyl ^ J, * J «— • — ^ ~ m«S2 =22 
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NaOH (100 01), H 2 Q (100 mL). brine (100 mL) and dried over MgSO, E«P«r*»« «™f jj* - J 

product as a yellow solid 122 (19.20 g. 63.6 mmol); 1 H NMR (270 MHz, COCI 3 ) 5 3 8 (s 3H) 3JJ5 (s 3H • 3.9 (8 »J. 
5.1 (S 2H). 7 3-7.5 |m. 7H): "C NMR (67.8 MHz, CDCI 3 ) 6 166.7. 153.2, 140.8, 137.3, 128.7. 128.6. 12B.4. 128.4, 
128.2, 128.0, 127.7, 125.3. 106.7, 74.9, 56.1. 52.2. 

Methyl 2-nitro-4.benzyloxy-3,5-dimethoxybenzoate (123) 

(02891 Finely ground copper nitrate (Cu(N0 3 ) 2 . 14.79 g, 78.7 mmol) was added portionwise to a 

£L ^substrate (19.00 g, 62.9 mmol) in ace,, anhydride (120 mL) ******** "ueo^ S"s 

below 40-C. The reaction mixture was stirred tor 1 hour and then poured over ,ce 8 00 mL) The 

,e., to stir (or 1 hour and the product collected by titration to afford . .yell ow so,,d JW*J NMR 270 MHz CDCy 

5 3 85 (s, 3H), 3.95 (s. 3H), 3.96 (s. 3H), 5.19 (s, 2H). 7.3-7.5 (m, 6H); «C NMR (67.8 MHz, CDCI 3 ) 8 163.2, 154.3, 

146.0. 145.2. 136.2, 128.7, 128.5, 128.4, 128.3, 117.8. 1 08.52, 75.5.62.7, 56.5, 53.0. 

2-Nitro-4-benzyloxy-3,5-dimethoxybenzoic acid (124) 

[02901 Potassium hydroxide (10.84 q, 193.6 mmol) was added to a stirred solution ol the substrate (18.7 g, 53^9 
3 in a~s methane, 220 mL and the reaction mixture heated a, reflux for 2 h. The reac o, £<£~ 
allowed to coo, and acidified to pH2 with IN HC. and extracted ^^^^ M J^^^^ 
.ayers were washed with water (3 x 200 mL), brine (3 x 200 mL) and dned over M ^ J- f v^«t.on o,^^^rt 
by rotary evaporation under reduced pressure afforded the product as a yellow sol* (17.01 g. 51.1 mmol, 95%), H 
NMR (270 MHz, CDCI 3 ) 5 3.9 (br s. 3H), 3.9 (br s, 3H), 5.1 (br s, 2H), 7.2-7.5 (m. 6H). 

N-(4-Benzyloxy-3,5-dimcthoxy-2-nitrobenzoyl)pyrrolidine-2-methanol (125) 

[0291, A cata.ytte amount of DMF (5 drops) was added to a stirred solution of 124 JS^^J^S 
chloride (4 65 q 36 0 mmol) in dry CH 3 CN (115 mL) under a nitrogen atmosphere. The react on m.xture was allowed 

0 s, overnlgh" and the resting acid chloride used directly in the next part of the procedure ^^^f^tsZLn 
oxy ! -mtro-benzoy. chloride in anhydrous CH 3 CN ,115 mL, was added dropwise over 0 ^^S^iSSSS 

01 pyrrolidine methanol (3.34 g, 33.03 mmol. 1 .1 eg) and TEA (7.58 g, 75.1 1 mmol. 2.5 eq) .n ^ 
a, 0°C under a nitrogen atmosphere and the reaction mixture was allowed to st.r overmght a room Wrature^ The 
lotion mixture was washed with ,N HC, (2 x 100 mL), and the organic layer 

mL). brine (2 x 100 mL) and dried over anhydrous MgSQ 4 . Evaporation of the sofvent y«l ^ • *™ gl ass (871 g. 

142.3. 136.4. 136.0 129.0, 128.5. 128.4, 104.8, 75.6, 65.7, 62.8, 61 .4. 56.6, 50.2. 28.3, 24.5. 
N-(2-Amino-4-Benzyloxy3,5-dimethoxybenzoyl)pyrrolidine-2-methanol(126) 

(0292] Hydrazine hydrate (2.31 g, 72.2 mmol) was added dropwise to a solution of 125 (6X M ^^jE 
Ll ,60 mL) gen„y rehuxing over Raney nickel (1 .1 g. slurry). The resulting vigorous £roM»n 
after approximately 10 minules and the reaction was deemed to be complete by TLC after 2 h. The react.on m.xture 
was .mere Zo gh ce,i,e and .he solvent evapora.ed. Distilled water (100 mL) was added to MM «*». and he 
lueous mixlure was extracted with EtOAc (3 x 1 00 mL) and the combined organic phase ^J*^^^ 
mL) and brine ,3 x 100 mL) and dried over anhydrous MgS0 4 . Evaporation of ^ «*««• Horde J^«P ^ as a 

14.2. 

N .(4-Benzyloxy-3,5-dimcthox y -2-[(2--tr i methyls i lylothoxy)carbony.amino[benzoy.)pyrrolid i nc-2-methano. 
(127) 

(0293, A so.ution 0, anhydrous pyridine (0.21 g. 2.6 mmol) in anhydrous D CM "HJw- TeZ7*£ 
minutes ,0 a s,irr C d so.ution 0, 2.(.rim e .hytsily.)e.hano. (0.92 g, 7.8 mmol) and tnphosge ne (0.77^ B- 2-« ™ 
h!rirous DCM (30 ml) The reaction mixture was allowed to stir overnight and the result.ng solution ol ^nm^hyteity.) 
SSm^ over 0.5 hoursto the amine 126 (1 .98 g. 5, mmo.) £2 
g. 1 5.4 mmol) in distilled dichlorome.hane (70 mL) at 0°C. The react.on m.xture was allowed to s,.r overn.gh. at room 
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, emper atur e . di.uted wHh anhydrous DCM (100 mL). washed w« « HQ 3 «, £MV £jSL 
M mU and dried over anhydrous MgS0 4 . Filtration an* ^^^.^J^S^ 2 H). 1.66-2.12 (m, 4H). 
glass (1.43 g, 2.7 mmo,. 53%); «H NMR i (270 .MM C«y » -0* s ^) 0 94 0^99 (rn. ) ^ ^ ^ 
3.32-3.54 (m. 2H). 3.74-3.88 (m, 8H). 4.05-4.22 (m 3H ). 4.69 (br 8 1H). 4.97P ^ 128.1.121.2, 
7 23-7.43 (m, 5H); «C NMR (67.8 MHz, CDCI 3 ) 8 170.1 , 1551 151 A 1481 , 142.0. 
105.6. 75.3, 66.1. 64.0, 61 .3, 61.0, 56.3, 50.6, 28.7, 24.7, 17.6, -1 .5. 

(11 silaS,8-benzy,oxy-7 W 

hexahydro-5H-pyrrolo[2,1-cl[1,4] benzodiazepin-5-one. (128) 
l02941 Anhydrous DMSO (0,7 g 7, mmo^ 

solution of oxalyl chloride (0.46 g. 3.6 mmol) ,n dry DCM ( imL u«* ran 9 ^ (q ^ 

tor 15 minutes, the substrate (1.35 g, 2.6 mmol) ,n dry DCM (15 i 0 P 2 mrnol) was added dropwise 

reaction mixture, which was then stirred for ^"'ther^m.nums aMS ^ I ^ ^ (o room 

,o me mixture over 0.5 hours and stirred tor a further 15 Phase was washed with IN HCt 

.empera.ure and diluted with H 2 0 (100 mL) and the phases separated. ^ Evaporation of excess solvent 
(3 X 50 mL), water (3 x 50 mL), brine (3 x 50 mL) and ^g^^^^^ 5 -0.05 (s. 9H), 0.88-0.95 

^.llaS^ll^yd^^^ 
5H-pyrrolo[2 5 1-c][1 ,4] bcnzodiazep»n-5-one(129) 

[029 S1 1 0* PCVC catalys, (0.22 g) was added to a soiution o, the : substrate 1 23 (095^1 ^fiX™ 
200 mL). The reaction mixture was hydrogenated under P«^* Scare no, to a..ow the filtration 

eaction mixture was filtered through celite. and the celi.e ^^J^^^^ .9 mmo.. 92%); 'H NMR 

79 -dimethoxy-e-Hyd r oxy-1,2,31^^^ 

[0296] A soiution o, TBAF in THF (4.3 mL 0, a IN sdutio n. « ~ added ^^^^ 
0 37 g. 0.9 mmol) in THF (1 0 mL) and the reachon mtxture heated Mto ,36 C tor 2 h-The ^ 
2£ E?OAc (50 mL), dried over anhydrous MgSO , I terec and rc = l J^£S&> ^Joi c11/C irR/ 
reduC ed pressure ****** .product as a « (0,8 j 0.7 mmo. 7M ^ ^ ^ ^ M (m ^ 
j S carbinolamine methyl ethers 57.08 (s, m), V". ■ 

Examples 3(h) to jiLlS ynthesis o( 7-Phenyt PBDs (See Figure 22 } 

^nm^is t the /-lodo-NIO-Troc-PBD Intermediate (134^91) 
5 .|odo-2-(2\2',Z-trlchloroethoxycarbonylamlno)benzolc actd (132) 

[0297] Aso.utionofTroc-C.^mL,^^^^ 

o, 5 .iodoan.hranilic acid 131 (5 g, 19 mmol) and pyr d >ne (31 mL, 38 m^d ) » ^ watef (1 „ 25 mL) 

» The solution was stirred for 5 hours at room ^^^^^^ ^ was recrysta.li.ed from ethyl 
a nd brine (1 x 25 mL). The organic phase was ^ToT^o^C^ -elate). 1 H NMR (CDC, DMSO- 
acctate to afford the title compound as a yellow sol.d (R2 9. 75 ■>)• m* 248 l y hj . g Q 1Q g (bs 

cU 84.83 (s. 2H): 7.78-7.82 (dd. J - 9.2. J= 2.2 Hz H), 8.18 (d J- » Hz, H), t ^ ^ MS; 

t 1 1 04 (s, 1H). .3C NMR (CDC, DMSO-J) S 7, ( ^*£^ RMS Catcolatcd for C 10 H 7 d,NO 4 : 
mJe (relative intensity) 437 (M-1 . 60), 1=>W. v 



436.8485. Found: 436.8485. 
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^ n f 110 fdn 9 1 mmol) in dry dichtoromethane 
[0 298, Oxa«y. ch.oride (0.88 mL, 10 mmo.) temperature for 1 2 hours, and 

50 mL). fo.lowed by M drops ol DMF as ca talyst • "JJJV ^ ^ drop wise, over 1 hour, to a so.ut.on ol 
hen used directly in the next step. The newly formed aod chtor de was added p dichlororne ,hane (50 mL) 

S^^yrrotidtnemethanol (1 .01 g. 1 0 mmo.) and tnethy am.ne (3.6 mL ^ M wim dilule HC I 

af 20-C The reaction mixture was allowed to st.r for a further ^hour a. J° ^ d(JC , was subjec ted 

n N 2 x 50 ml) water (50 mL) and brine (50 mL). dried over MgSO, .and ' W*ted. ); , H H NMR (C DCI 3 , OMSO- 

n a h co.umn chromatography to afford the rifle ^compound as a ale erilo* (3.8 g ) ^ ^ ^ 
d ) 5 1 77-2.28 (m, 4H); 3.48 (bs. 2H); 3.7 (dd. J = 1 A.J- I ^ , (bs _ 1H ). 13 C NMR (CDCI 3 . 

J- 12 Hz, 1H); 4.84 (d, J = 12 Hz, 1H); 7.66 ^ ™' ^ 128 0 1356 136.1, 139 8, 151.8. 168.4. 1R (Nujol): 

OMSol 5 25.0, 28.1 , 51 .2, 60.7. 65.3, 74.5, 86 . 95 .1 23. 0, 128 .0 1 35A .^.^ ^ (M+ . 

cm- 3415 3215, 1745, 1605. 1527. 1445 1377 .1221 »£ ™ A ^ f 72 (B0) , 245 (14). 216 (14), 83 (15), 70 
3), 521 (fW, 1), 520 9T. 3) 491 (3 , 49 > < ,48 (3 . S*17 . WU ^ {c= 2 8 _ ^ 

(100). HRMS Calculated for C 15 H 16 CI 3 IN 2 0 4 . 521 .9itu. 

.,,,„„« iia.hexahvdro-5H-pynroloI2,1-cl [1 ,4) 
7-lodo-10-N-(2- i r,2-trichloroethoxycarbonyl)-1,2 > 3,10 > 11,11a-hexan y 

benzodiazepln-5-one (134) 

t0299] A solurion o, OMSO (1 ,9 mL, 2,67 mmo,) t JS ^££2^^- 
o a solution of oxalyl chloride (12.8 mmo.) in dry d.chtorome ^^J^jJJ, dtonlorome ,hane (80 mL). Keep.ng 
stir for 25 minutes and then treated with a so.ut.or , o 133 (4. 7 B g *2 >, ^ ^ ^ Qf dicn|orometn0 ne 
.emperature be.ow -40'C. After further 60 mmutes a. _4S sofuUon J ^ organic phase was washed 
(25 mL) was added, and the reaction mixture allowed to warm to room p so)veni ^ crude 

I'h water (180 mL). ditute HC. (1N, 2 x 100 mL) ^^^Z^or 70/30) to give of a pale yellow o>, 
pr0 duc, which was purified by fash '^^^XS^M (m, 2H), 3.70-3.77 (m. 1H); 4,9 (bs. 1H) 
(3 6 g 76%): 1 H NMR (270 MHz, CDCI 3 ) S 2-02-2J5 (m, 4H) J i Hz ? 7g ((Jd J= B 3 j 

28 (d. J - « HZ, 1H, 5.17 (d. J - * £J-J £ H) 7 ; ^ ^ ^ ^ 
, 5 H , lHV8 10(d.J=2.2Hz, 1H). ,3 CNMR(CDCI 3 )5 23.u.^ . -,376, 1312, 1075. 720. MS: m/e 

, So 37^0.1.^^ 

relal i ve intense 520(M*', 62) «^^^SSSS^. .137.4- <c= 1 .15, CHC W . 
HRMS Calculated tor C^H^Cy^CV 519.9UcK>. i-oun 

[0300] 
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.K^nwh 1 2 3 1011 ua-hexahydro-5-H-pyrrolo[2,1-cl[1,4) 
7-PhenyMO.N-(2\2\r-trichtoroethoxycarbonyl)-1 ,2,3,10,1 ,1 

benzodiazepin-5-one (135) 

.. m1 r n ! 22 mmol) Pd(PPh 3 ) 4 and anhydrous 
[03 01] A suspension of 134 (0.5 g, 1 .0 ^^^^"^2 mL) washeated a. ref.ux overnight 
NaoCO 3 (0.16g, 1.48mmo.) ^<^^^^^^Z^ with water (2 x 20 mL). The organ* phase 
Th ; reaction mixture was diluted with ethyl acetate p^^ion by flash chromatography (ethyl acetate/ 

was dried over MgS0 4 and evaporated to yie.d a crude yellow , * NMR (270 MHz, CDCI 3 ) 6 1 98-2.09 

ether 30/70 to 70/30) furnished the tit.e cornpoun d J MS a « J I , „ (d , j = 4 . 4 H z ,H) ; 

(m 2HV 2 12-2.15 (m, 2H); 3.51-3.62 (m. 2H); 3.7-3.79 (m, W). « « t • J0 (m 3H); 8 0 2 (d. J = 

l ieTd I J- 12-1 Hz. 1H); 5.66-5.73 (dd, J. 4^8, J= 9^8 Hz 1 H) 7 .33 T 48 m • 0; 12BA129 . 6: 130^8 

22 Hz 1 H). i»C NMR (CDC 3 ) 6 22.9, 28.7. 4S.4; 59.8; ^^K^J. , 0) 292 {25) . 222 (1 00). 1 95 (1 0), 166 

" 2 9 '133* 139.2. 141 ,. 154.4; ^fttl!LL«^-^l t ' ,A 
(35). i40(10).70(70).HRMSCalculatedforC 21 H 19 C, 3 N 2 u 4 . 
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CHCI3) 

■ r> 1 rwi 41 benzodiazepin-5-one (136. AGA129) 
,1 1 aSW-PhenyH ,2,3,11 a-tetrahydro-5H-pyrrolo[2 > 1-cH1 ,4] benzod 

[0 30 2l M ,0.47 » couple was -J, pj*^ ^SEEl ! mom JU- - a 

Si The filtrate was evaporated and the ^^g^SSa,) 8 2.0-2.1 2 (m. 2H); 2.29-2^7 m 2H) 
tattle compound as colourless oil (0.19 g, 98%): <H NMR £70 MHz, 3 J NMR (67.8 MHz. CDCI3) 5 24.4 
53 eaTlH) ; 3 76-3.92 (m, 2H); 7.35-7.79 (m, 8H); .28 d J-2 .2 Hz, > ^ ^ Q . ^ ^ , R 
3 2 9 8 46 3 9!s3.8;\26.9;12^ 

(Nui o.)-. cm ' 3000-2800, 1620, 1455 1377 1239 .12 . 
276.1261 . Found: 276.1262. [afV + 131 4 (c " ° 3 ' 

^ejej^^ 



20 



[0304] 



MeO 




25 



30 



35 



40 



lH-pyrro,o l2 ,1-cH1,4l b -zod,azep,n-5.oe ( 137) (15mg)and anhydrous 

l03 053 134 ,0.59, 1 .0 mmol). — ytanz^^^ 

m rn (016 a 1 48 mmol) were healed at reflux, over night, in j» mixture , o hed wUn water (2 x 20 ml). 

h • 1 1 H 5.66.5.72 (dd, J= 4.5, J= 9.8 Hz. 1H); ^^^^^cNMR (67.8 MHz, CDC 3 ) 5 23.0; 28.7 

**&g88&s&* m m - ,28> ' - 0 

498.0515. Found: 498.0513. |aj d ag/1351 

. ni nn 4ihcnzodiazepin-5«one (138, AGM 3t>| 

P ia:, r' \ ' 0(137 (0 34 g 0.76 mmol) m 
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Example 3(j) : Synthesis of the 7-( 3'-Nrtropheny))-PBP (140, AG/150 ) 



[0307] 



15 



20 



25 



30 



35 



40 




NO 2 

pyrrolo[2,1-c]-[1 ,4]benzodiazepin-5-one (139) 

The organic phase was dried ove, MgSO, and evaporated to y.eld a crude yeHow » y 5 

raphy (Chy. aceta.e/petroteum e,her 50/50) afforded .he pure compound 0 45 g 90%). H NMR (2 . 3 

2.0-22 (m, 4H); 3.6 (m, 2H); 3.76 (m, 1H); 4.31 (d, J* JV£ 1 i V 75 0 86 0 94 B 121 7 1 22 6, 127.5. 129.4. 
7.5-8.5 ,m. 8H). 13C NMR (68.7 MHz, CDCI 3 ) 8 »J- * » ■ 7 ^J^?io?«^0. 1721. 1626. 1530, 

129.9, 131.2. 132.0. 132.8. 133.9, 138.3. 1 40 .7. 48 *>™>"*^ ^^00), 292 (15), 267 (54), 221 (16). 
1455. 1349. 1062, 821 , 759. MS: m/e (re.ahve .ntens.ly) 513 (M* ). ^(Sg. 32 I (10 h K > ^ 
197 (18), 164 (15), 70 (22). HRMS Calculated for C 2 (H | 8 C, 3 N 3 0 6 . 515.0233. Found, blb.u^ t D 
= 0.1,CH 3 OH). 

(1 i aW Nnroph^^^ 

[0 3O9, A solution of TBAF in THF (1 M so.ulio, 7.6 mL, 7.6 

n of THF (20 mL) and the reaction mixture allowed I to stir for 2 hours a, ^ temp^ T ^ ^ 

with ethyl acetate (50 mL) and washed with water (3 x 50 ^TT^^^^^ (CHCI 3 ) , to afford 
over MgS0 4 and evaporated to dryness The .esdue was P^nf, d by ,1a * Jj^ f ^0 (m. 3H). 

the title compound as a colourless o.l (0.15 g 63 A)JH NMR (270 Mrej si (rotative intensity) 321 

321.1113. [ap 0 =+ 1296' (c=0.1, CH 3 OH). 

DRH-105) (see Figurej g) 
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N .(4.Ben 2 y,o, y -3.5.dimethox y - 2 .ltrich.oroethy.oxyc a rbony,am i no,ben Z o yl )pyrro.idine- 2 -methanol(141) 
I0 311, A solution o, 2.2.2,r,h,oroc,hyl chloroformate (1 .08 g, 4.8 mmol) in disti.led dichloromethane (10 mL) was 
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Evaporation of .he solvent yielded a brown oil wh,ch was punfi ed b ^^.mn ch ^ 2 (m . 4H) , 3.3-3.6 

,o aiford the product as a yellow glass (2.65 g, < J.7 nrnoK 94 % £ H NMB (270 MHz CDC 3 ) 6 y s _ 1 

(m, 2H). 3.6-3.9 (m, 2H). 3.8 (s. 3H), 3.9 (s, 3H), 4.2-4.3 4 - 8 (s, 2H) 5.1 (s 2H> b i , J 

7 3-7 5 (m. 5H); «C NMR (67.8 MHZ, CDCI 3 ) 8 171 .5. 153.1 . 1 42.0, 137.023, 128.3, 128.3, ZB.* 
75.3, 74.6, 66.5, 61.4, 61.3, 56.3, 50.7, 28.7, 24.6. 

hexahydro-5H-pyrrolo[2,1-cl[1,4] benzodiazepin-5-one (142) 
,0312, Anhydrou S DMSO ( 0.97 g 12^^ 

solution of oxalyl chloride (3.08 mL of a 2N solutton .n DCM. ^2mmol) n dry r uom 1.1 i 

a, -45-C. After stirring tor 1 5 minutes, the substrate (2.46 g 4.38 | ^> m s ^°^^7 EA(177g: i7. 5m rnoO 
45 m.nutes to the reaction mixture, whtch was then Action aire was left 

was added dropwlse to the mixture over 0.5 hours and ,,rre f f ^ rtte ^^ , e . The orga nic phase was 

to warm to room temperature, diluted with H 2 Q (1 00 mL)and the phases a lowed I to separa 9 ^ ^ 

washed with IN HC. (2 x 50 mL), water (2 x 50 m ^>' ^"^f/^,^ 4)-H NMR (270 MHz. CDC^) 62.01-2.17 
evaporated to afford the product as an off-wh,.e glass (3*2 9 11 .7nwo 97 .o) H N t 3 < ? ^ 

(m ,4H), 3 . 4 4-3.77(m,2H), 3 .87-3.90(m.1H).3.88(s .3H Wj^j; 1436 , 1371 , , 29 .e. 129.3, 
s. 1H). 7.27-7.48 (m, 5H); «C NMR (67.8 MHz CDCy .166.7 1S5_2 153 J 15 f 61 1 5, 60.2.59.870,56.1. 
128.4, 1 28.3, 1 28.2, 128.1 , 1 21 .8, 1 06.5, 106.3, 94.7, 86.2, 85.9, 75.6, 75.4, 75.2, 7b.O, 
56.0. 46.5, 46.3. 45.8, 28.7, 28.6, 23.0. 

8-Benzy.oxy-7 ) 9^im e «hox y .1 )2> 3.1i a -te«rah y drop y rro to p.1.cl[1.4]benzodia 2 epin-5K,ne(143) 

,0313, i 0% Cd/Pb couple (1,g; 10 mmo, Cd) padded tc ,a ^g^^^^SS^^ 
'a mixture o, THF (15 mL) and M NH 4 OAc :(15 m ^^^iSl^^i^-^^^OBO 

(m, 2H) t 2.23-1.83 (m, 2H). 

F»m pie 3(1 ) : Synthesis of theCgj jH^PBP (1 51 . AG/1 49) (seeRgureg^ 
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4-Nltro-2-(2 , f 2',2'-trichloroethoxycarbony»amino)benzoic acid (1 45) 

sequent reaction without further purification. 



76 



10 



15 



SO 



25 



30 



35 



40 



45 



EP 1 193 270 A2 

N.ra-nitro-^'.r^Mrichloroethoxycarbonylamino) benzoyl] pyrrolidine-2-methanol (146) 

r0316] Oxalyl chloride (1 mL. 12.1 mmol) and a catalytic amount ot dry DMF were added to a suspension of the 
crude product from the previous reaction in of dry dichtoromethane (50 mL) and the reacts m,xture was ; allowed to 
stir at room temperature for 12 hours. The newly formed acid chloride was added drop wee, over 1 hour to a s^Utton 
o 2 sV)-Pvrro«dinemethanol (1 .22 g, 12.1 mmol) and Uiethy.amine (3.8 mL, 27.5 mmol) ,n dich lorometha e (50 mL) 
a, -20°C (CCI 4 -dry ice). The reaction mixture was stirred for a further hour at -20°C and was then allowed to warm to 
room temperature. The reaction mixture was washed with dilute HC, (1N, 2 x 50 mL) water ,50 . mLj, Mm ponji. 
dried over MgS0 4 and evaporated under reduced pressure. The residue was purged by flash chromatogr aphy (EtOAtf 
petroleum ether 50/50), removal of excess e.uent afforded of a yellow oil (V 34 a 30%. over Two tepsV H NMR (270 
MHz. CDCb) 8 1.7 - 2.3 (m, 4H); 3.45 (m, 2H); 3.71 (dd, J- 5.5. J- 11. 1H) 4.06 (m, 2^.43 (bs, 1H), 4.85 d J 
11 1HV 4 89 (d J- 13 Hz 1HV 7.56 (d, J= 8.4 Hz, 1H); 7.96 (dd, J= 2.2, J= 8.4 Hz, 1H); 8.94 <d : J= 2.2 Hz, 1H), 
9 2 bs ",H Vi W 8 MHz, CDC.3) 8 24.9; 27.9; 50.8; 60.5; 64.3; 74.6; 94.9; 115.9; 117.9; 128.6 13*5; 136.9 
149 0 151 8; 1677. MS: m/e (relative intensity) 441 0*1 J. D. 291 (10), 260 (12). WW" Pft «* »■ 1,8 
(20), 77 (20). 70 (100). HRMS Calculated for C 15 H l6 C l3 N 3 0 6 : 439.0104. Found: 439.0105. [a|» 0 = - 110.6 (C= 0.13, 

chci 3 ). 

N-[4-amlno(2-,2 , ,2--trichloroethoxycarbonylamlno)benzoyl]pyrrolidlne-2-methanol(147) 

[0317] A solution of 146 (1 g, 2.3 mmol) and SnCI 2 2H 2 D (2.56 g, 11 .4 mmol) in methanol (20 mL) was heated at 
en I or 6 hours (the reactionLs monitored by TLC (3% methano.. ethyl acetate). The reacfon <^»^£ 
,01/3 0. If. original volume and the pH adjusted to 8-9 with satd. aqueous NaHC0 3 . Ethyl -elate (1 00 
and the mixture was vigorously stirred for 12 hours, Ihen filtered through Celite to remove tin salts. The organic phase 
did or MgSo'and evaporated to aflord the product as a yellow oil (0.94 g 97%) wh-ch was used ,n he nex, 
reaction wi.hout further purification: 'H NMB (270 MHz, CDC 3 ) 5 1 .6 - 1.8 (m 2H ); 19 ■ (r* H) 2 17 f^H) ^S- 
3.58 (m. 1H); 3.62 • 3.72 (m, 2H): 3.84 (m, 1H);4.44 (m, 1H); 4.77 (d. J- 12.1 Hz • W); 4.83 (d ^ 2.1 H K .6 32 
(dd. J * 2.2 J - 8.43 Hz. 1H); 7.18 (d. J = 8.43 Hz, 1H); 7.52 (d. J- 2.2 H 2 1H); U» bs^lH _ ^7.8 MH . 

rr^i vwn w ?• 2R 2 51 9- 60 9' 66 5 74 3 95.3; 105.5; 1 08.3; 1 12.6; 1 30.1 ; 138.9; 149.7, 151 .8. 171 .5. IR (Nujol). 

(20). 179 (25). 161 (100). 134 (8). 113 (25). 77 (35). 70 (85). HRMS Calculated forC 15 H 10 CI 3 N 3 0 4 . 409.0362. Found. 
409.0363. |al 25 D = • 60.1° (c = 0.3, CHCI 3 ). 

N-[4-(Fmo C )amino(2-.2-,2-trichloroethoxycarbonylamino)benzovl]pyrroHdine-2-methanol(148) 

[0318] An aqueous solution of NaHCO a (0.6 g, 5.67 mmol. in 20 mL of was added » « ^ * 
q 2 3 mmol) in THF (20 mL). The reaction mixture was cooled to 0°C and Fmoc-CI (0.65 g. 2.5 mmol) was added I ,n 
sVaH pTZs After addition the reaction mixture was allowed to stir for 2 hours at room tempera.ure. <TLC e hyl 
achate /petroleum ether 50/50). The reaction mixture was acidified with dilute HCI (IN) and extracted with ethyl acetate 

758. 740, 667. MS: m/e (relative intensity) 632 (M"). 409 (15), 309 (20), 179 (25), 161 (100), 134 (8), 113 (25), 77 
(35), 70 (85). (ap s D = - 70.3° (C= 0.25. CHCI 3 ). 

(1 1 S,1 1 aS)-8-(Fmoc)amino-1 1-hydroxv-1 0-N-(2'.2-,2-tnch.oroethox y ca.bon y .>-1 ,2,3.10.1 1 .1 1 a-hexahydro-5H- 
pyrrolo[2,1-c][1 ,4]benzodiazepin-5-one (149) 

T031 91 A solution of DMSO (0.31 ml, 4.4 mmol) in of dry dichtoromethane (10 mL) was slowly added (over 30 minutes) 
ESuiSSS cnloride (2.2 mmol) in dry dchloromethane (11.1 mL) at " f ^^^«tjC5 
for 1 5 minutes followed by the addition of a solution of 148 (1 g, 1 58 mmol) .n o dry f hlorom ^ nane j * J '^l "in 
the lemperature below .40»C. After further 60 minutes a. -45»C. a solution of trie "V-amine 0 .88 n, '^^J 
; dich.orome.hane (6 mL) was added and the reaction mixture allowed lo warm to room tempe ^mT^S 
was washed with wa.er (50 mL). dilute HC. (IN. 50 mL) and brine (50 mL). Evaporano .of sofcent a« ^ed m^audo 
product which was purified by flash chromatography (e.hyl aceta.e/pelroleum ether 50/50). hmmM «ces ' 
furnished the product as a pale yellow oil (0.81 g, 82%): 'H NMR (CDCI 3 ) 8 1 .96 - 2.1 6 (m. 4H), 3.47 - 3.56 (m. 3H), 
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70 ,10). HRMS Canted fo, C 30 H 26 C. 3 N 3 O 6 . 11a . hexahydro .SH.pyr r o.o 
{11s11aS> 8- ami no-^ 

l2 ,i;i[1,4]benzoa.azep. n -5-one(150) solut ,on of pipendme m CH 3 CN (12 

(15). 105 (15), 70 (80). HRMS Ca.cola.ed for C 15 H 16 C 13 N 3 4 



47 8° (C= 0.5, CHCl 3 ). M -v 
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M ethy. a-methy.-a.S-dimethoxybenzoate (187) 5 . dimethoxybe n Z oic acid 

ASSESS: 

hours and .hen coo.ed 'a/ 0 "^' ^ cd t0 s ,and for 30 mino.es. aqo^os m« ore 

poured onto crushed ice (c. 150 mL) ^ hase wastled with dist.Hed water (3 .< 100 mL, g 

omy. acetate (3 » 100 mL) and ^^^Lss solvent under reduced pressure ****** P 
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Methyl 2-nitro-4-methyl-3,5-dimethoxybenzoate (188) 

.r- ,k.o ^ = i7 n 28 57 mmol) was added portionwise to a vigorously stirred 
[0324) Finely ground copper nitrate (Cu(N0 2 ) 3 . 5.37 g 2857 « reacljon tempera ture below 40-C. 

'solution o. 187 (4.8 g. 22.86 mmol) in ace,.c * n ^^^SZ (800 mL). The aqueous mixture was 
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2-Nitro-4>methyl-3,5-dimethoxybenzoic acid (189) 
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[0325, Potassium hydroxide (3.71 g, 66.31 mmol) v^*^^^^ was aHowed to 
'anhydrous methanol (80 mL) and the reaction mature £»JJ '"^ed and washed with water (50 mL) and left 
coo. and aciditied to P H 2 with 1 N HCI and the soK P recy ate was M e red an ^ ^ ^ fi 

,o air dry to a.lord the product as a yellow ;b e,ge ol,d( 89 (3.69 g. Ml ^ cdc)3) & ^ 

13 88 (br s. 1H), 7 23 (S, 1H). 3.90 (s, 3H), 3.75 (S, 3H) 2-14 (s, 3HJ. 
15 0.09 139.38, 125.70. 122.50, 107.24, 62.78, 56.34, 9.62. 

N-(4-Methyl-3.5-d.me l hoxy-2-n«robenzoyl)pyr ro lidlne-2-methanol(190) 

i nf 1«Q f3 96 a 15.32 mmol) and oxatyl 

r 0 326] A catalytic amoun. o. DMF (2 drops) was added to a si, ^ ^ mj)rture was allo wed 
2e (2,4 g y i6.B5 mmol) in dry CH 2 C, (50 mL) under a J^J^^. 4 . mctny .-3,5-dimethoxy- 
,o stir overnight and the resulting acidchlonde used Meetly .n the P hQurs ,„ . stirring solution of pyrro- 
2-nitro-bcnzoy. ch.orido in anhydrous DCM (50 eg) in anhydrous DCM (50 mL) a, O'C 

lidine methanol (1 .55 g. 15.32 mmol, 1 .1 eq) and TEA £8 g. 3M « ^ ^ ^ temperalure . The reac „on 
.nder a nitrogen atmosphere and the reaction m,x,ure ^ « * S ,r witn distilled H 2 0 (2 x 1 00 mL), 

mixture was washed with 1 N HCt (2 x 100 7 CXC e^s solvent yielded a yellow glass (190) (2.13 

brine (2 x 100 mL) and dried over anhydrous I NAgS 0«^«^" * ^ M £ 1H) _ 3 91 (s . 3H ), 3.B9 (s, 3H). 
g , 6.56 mmo.. 43% - 2 steps). 1H NMR (270 MHz CO CS 3 8 6.61 * MHz CDCy S 167 . 85 . 161 .15. 

3 83-3.68 (m. 2H). 3.46-3.26 (m. 2H>. 2.19 fc^fV^sS £ SOM I 28 41, 24.50. 9.34. 
152.62, 135.70. 132.32. 123.17, 103.70, 65.87, 62.61, 61.37, 56.36. 50.20. . 

N-(2-Am i no-4-methy..3,5^ime1ho X yb e nzoy.) pyrro.idine-2-melhano. (191) 

, [0327] Hydrazine hydrate (1.26 g, 39.37 *as ^ 

Lhano. (50 mL) gently re.luxing over Raney n> eke H . * r ry V T Jj M TLC after 2 h. The reaction 
subsided after approximately 1 0 minutes and the reaction^ was *JJJJ 00 mL) was added to the residue, and 

° its - — 

N ^ M e«, y ,-3^^ 

„ [0328, A««*--2A»*^^ 

over 0.5 hours to a solution o, anhydrous Pf^^^H ™ d'uled with anhydrous DCM (100 mL, and 
mL) a. 0-C. Alter 6 hours a. room temperature, ^^T ^ dried over anhyd rous MgS0 4 . Evaporahon of 
washed with 1 N HCI (2 x 100 mL), H 2 0 (100 mL)^ brme ; 00 aphy (silica gel, EtOAc) to atford the 

the so.ven, yielded a brown oil which was ^TlZ ^ S* (^70 MHz'cDCy S 7.59 (br s. 1H>. 6.56 ,s, 1H 

so product (192) as a yellow glass (2.13 g, 4*3 mmol 70 AJ, H NMH I 33 (m , 1 h . 

4.78 (br s. 2H), 4.25-4.23 (m, 1H), 3-82-3.79 (m. 3H . 1 H), 3.69 156 82 , 156 . 67 , 154.02. 153.34, 

^9 2 2°^ 

hexahydro-5H.pyrrolo[2.1-c][1 ,4] benzodiazep.n-5-one (193) 

» <4n< npM mo mLI was added dropwise over 5 minutes to a stirred 
[0329J Anhydrous DMSO (1.006 g. 12.87 mmol) in dry DCM (10 mL) wasao 
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stirring tor 5 minutes, a soiution o. 192 (2.13 g 4.53 ; mmoj . .dry '£$£1 ,8 13 mmo.) was added 
,othe reaction mixture, which was then ^ 'or a urth^45m. nutesat & W 9 ^ ^ ^ ^ {q 
dropwise to the mixture over 0.5 hours and st.rred tor a further J * ne nic phase was washed 
room temperature, di.u.ed with H 2 0 (100mL)and he ph^es ***** The s 0 ,vent was evaporated to 
w*h 1 N HC. (2 x 50 mL). water (2 x 50 mL), brtne (2 x ^ MH2 . C0CI 3 ) 6 7.05 (s, 1H) 

afford the product (193) as an off-white glass ( .84 g 3.93 mmoUtf .. ) H NM ^ a{dS ^ J=4 . 21 

(minor rotamer 1 :4. visible at d 7.06), 6£(«* J- 3* A 1H) JJ*^ Hz , H) , 388 (s , 3 H), 3.76 (s, 

H2 . J = 9.53), 4.71 (d, J= 11.72 Hz, 1H) ^.56 (d J- "^' ^ ? ^ CDcy rolarners 5 166.82, 158.31, 

8 4Aethy.-7,9.d.me1ho^^ 

,0330, 10% C*Pb cou P ,e (1 .34 g: 10.7 mmo, Cdj padded £ ^dSm Sc (5 Z 

a mixture of THF (15 mL) and 1 N NH 4 OAc (16 ^^^^ZLi with EtOAc (50 mL). Removai 

» "..k 105.71. 60 93, 55.80. 55 70. 53,71, 46.70. 29 52.29 34. 24.13. 9.33. 
Fxamp.e 4 : S ynthes is of the C8-Amines 
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,0332, 14.63 g of T^ZlTl^l 
o 70% nitric acid (1 00 mL ) stirred at O'C. The rea etion was stored «^«^ (hen by (jltration an d 

reaction mixture was then poured onto ice and aUowed t tor - The solids ^ ^ ^ 

washed with water. The aqueous layer was then extracted «»^2«J *° „ vacu0 10 give 153 as 

washed with water and brine and dried with ^J*^™ ^^SSfc 757 (s, 1 H, CHCN0 2 ), 7.15 
ayellowsoHd.yie^ 14.01g(83%)^ (1 , 2H , J = 6.41 Hz. 

(s 1H. CH 3 OCCH), 4.35 (t. 2H. J -Ml £ 20 CH^O), 108.27 (N0 2 CCH), 111.26 

CH 2 CH 2 0). 13 C-NMR (COC.3): 5 33.93 (CH 2 CH 2 0 ^^'^^[c^Ja.w^COOn.m* 
( CH 3 OCCH), 122.50(CCOOH). 141. 14(CN0 2 ), 4951 ^^'2^^290, 1230, 1250. 1200, 1060 
U- COOH). IR v 2860 2620. 1740, 20 0 ^ ^ 20) , 152 (5), 111 (20), 96 (5). 79 (5), 73 

cm-i. EIMS m/e (relative intensity) : 286 (M* , 20) 241 iu). <^ 1 / 
(15), 55 (10). HRMS Calcd. tor C^B^NOs « 285.0511 found = 285.0538. 

2-Propene S-t^carboxy-Z-methoxy-S-nitrophenoxyJpropanoate (154) 
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,o coo, The ally, alcoho, was then ^ * — ^'"2 2 STEEL'S — 
Mta. This solid was taken up in ^^^^2^^^ ^ 128 -130 »C; 'H-NWIR (CDC*) 

8 2.92 (, 2H. J = 6.35 H* 3 94 (s, 3H); 4.38 ( » U - MJ J* ^ g. 15 (s. 1H); 7.45 (s. 1H); «C NMR (67.8 
H z.J 2 = 19.42Hz); 5.33(dd. 1H .J, = 1 .28 Hz J 2 = .17* .^f^ 1 ^ .1.149.1. 152.6. 167.1, 170.0: IR (Nujol); 
MHz, CDCI 3 ): 5 34.1 , 56.5, 65.0. 65.4, 1085 111.3. 8^3 IB. M J ^ ^ e jnlensjty): 325 

iZSiSi " ^cKlTtll^ S^ S « <* -MS: ca.d. lor C u H 15 N0 8 325.0798, 



found 232.0773. 
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Prop-2-eny. ^MWn-*-^^ ^ 

. aH r 4V c n 15 34 mmol), oxalyl chloride (2 
t 0334] 2-Propene 3-(4-cart»xy-2-metho*y-5^ ^ ^mi was lhen removed in vacuo 

mL. 23 mmol) and 5 drops of OMF were surred ,n dry THF (100 mL) for IB* mil!lur e 0 ( (2s)-pyrro- 

and me residue dissolved in dry THF (50 mL) Th* ~£Z£g££^ (1 .86 g, 1 8.41 mmol). The stirring 
lidone-2-caroxaldehyde diethyl thioacetate(3. 15 flJSfJ™^ n °J the y pr oduct purilied by Hash chromatography 
was continued (or 1 8 h. The solvent was then removed m vacuo and tne p p OCCHC). ^ (g 

Tuhng with ethyl acetate to give 155 (7.48g 95%) as a ye.tow o.PH NMR l^U ^ < 2{J j . 20 24 H z, 

IH.MeOCCHC). 5.98-5.86 (m.1H,CH 2 c^^ 4 ^ (| ^ J= 76g Hz , 

OCH 2 CHCH 2 ), 4.88 (d, 1H, J - 3.85 Hz NCHCH) ^4-4.65 m. 2H 2 ^ (m 4h 

CHjCHjOC). 3.94 (s, 3H. OCH3), 3.29-3.21 ^- ^ ^ (P^J- 5 1500 , ls . 13 

SCHX Ha). 2.32-1.78 (m, 4H. NCH 2 CH 2 CH 2 )1 Q 38-1.31 (m 6H. .Bgfi »j (c h 2 cH 2 0). 50.19 (NCH 2 ), 52.80 
(SCH 2 CH ). 24.63 (NCH^CH,), 26.28, 2659 ^^^^^1,0870 (arom. CH), 109.47 (arom. 
N CHCH) 3 56.6O(OCH3),61.08(NCH),65.13 CH ^^^f^^y ,47.98 (CH 2 CH 2 OC). 154.57 
CH). 118.55 (OCHjCHCH 2 ), 128.58 (CCON ) 13 73 ^^^^^ ^ 16 40. 1580. 1530, 1340, 
(COCH3), 166.61 (CON). 170.14 (COO). IR (Nu °l) v=- 355 ,2720 * 30 O Z Q) 310 (12) , 309 (72), 308 (94) 268 
280 1220. 1180, 1050cm-t.MS(Eiy.rrv-c(rela..vemt e ns l .y).527(M _1),3'/1 )■ 
! 2 0) 147(4). HRMS calcd. lor C^O^ = 527.1875. found = 527.1 885. 

2-propenylpropanoate (156) 

r ^ -rc ~nr>\\ rpfluxed for 40 minutes in ethyl acetate 
r0335, 8 (7.21 g, 14 05 mmol) and Tin(ll) chloride (IMSft 76 « ^ , was triturated witn saturated 

,00 mL) .hen allowed to cool. The solvent ™ lh ™ ™^'"™ZT^e<i overnight. The reaction mixture was 
bicarbonate solution at o-C. EtOAc (50 « ^J^SS. ^combined organic* were then washed 
then filtered through Ce.ite and the filter ^e washed w«h e The producl was purified using 
wlh water and brine, dried with sodium s ulpha.e and he solvent removed = ^ 

„ash chromatography elu.ing with 5% MeOH .n ^J*™^^ 'J, 0 CH 2 CHCH 2 ). 5.31 (dd, 1H, J = 1.28 
(CDCU) 5 6.82 (s. 1H, arom. CH), 6.28 (s, 1H. arom. CH), 5.99 5_85 (m, i , 2 z 

Hz 27 66 Hz, OCH 2 CHCH 2 ), 5.26 (dd, 1H. J = 128 Hz ^^"^J^JJ^^ (m , 1H . NCH), 3.74 
at 4 62, 2H, J = 5.49 Hz, NH 2 f NCHCH, OCH 2 CHCH 2 ). 427 (t 2H J -6.59 H/ 2 2 S CH 2 CH 3 ). 2.28-1 .80 
1 3H, OCH3), 3.66-3.57 (m, 2H. NCH 2 ) 2.89 («, 2£ ; N M ^^^^^.^.m'noWH^ 
U 4 H,NCH 2 CH 2 CH 2 ).1.25(m.6H,SCH^ 64 20 (C h 2 cH 2 0). 64.41 

34 27 (CH 2 CH 2 0), 53.20 (NCHCH), 56.08 (OCH 3 ), 6010 (NCH) 60. ( WcHCH 2 ),141.03(CNH 2 ). 
, ^H 2 CHcWl02.26(arom. C H).113.71(aro m W 

Ut.4 WW. 1« ^S^^Ss 0 ?^ m^MS S nv e l (.e,a„v q e intensity,: 482 (M*', 4), 347 (2), 
2970,1740.1650.1535, 1470,1345, 1290 1^ ■ _ 482.1925. 
278 (31). 137 (1), 70 (3); HRMS calcd. for C^O^S, - 482.1909, 

5-(2 2 2 trichloroethyloxycarbonylamino)phcnyloxy^ propci y p 

[0336 i To a solution o, 156 (,S7g, 11 .74 -0,) -^^^^^^^^ 
mmo.) To this was added dropwise at 0-C a joM« o. ''^^°^ C , N HC , (3 x 100 mL ), water (3 x 1 00 

5S solution was stirred for a further 1 hour at ^ e ^J^Z^TJin vacuole give a brown oil (6.8g. 88%) 
mUbrine (100 mL), dried ovorm a gnesiumsu^ a ,eand^ 

NMR(CDC1 3 ): 59.14 (bs.lH^NH). ^JH.CHCNH ) ^93 (s. K ^ ^ ^^^5.4.89.477 (m. 4H. 

5.31 (dt t 1H, J =147 Hz, 27.84 Hz OCH 2 CHCH 2 ), b.co . 
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lading do ub .e, 1H. , -,2S Hz, CHCHSE, JKJV^ J* W ^IsSSS^l"^ «. 
OCH 3 ). 3.60 (m, 2H. NCH 2 ), 2.91 I (d ^-^Hz '^^ 2 * J^p,. 150.29 (pOCHrf. 144.52 
SCH 2 CH 3 );«C NMR (CDCI 3 ): 5 170 .33 (e«er CO J68.50 <C ? 12 £ (ai LcH)J05.51 (atom. CH), 

(COCH 2 CH 2 ), 131.93 (OCH 2 CHCH 2 ). 131.35 (CNH) 118.29 (°^ H CH 2 ) 1221 I I cH 

5 95.27 (CCI3), 76.24 (CH 2 TrOC), 74.39 W ^^^^^^^Hfi^. MS (E.) : m/e 
c:ct\ ^ ?7 <CI-LCHoC» 27.30, 2671 , 26.43. 25.24 (NCH 2 CH 2 CH 2 ), 1£>.<f. i 2 

fSSSSSSS^ D. 508 (1), 373 (6), 305 (5), 304 (27), 192 (5), 70 ,12). 

io [elpyrrolol2,1-a][1 ,4]diazepm-8-yloxy-2-propenylpropanoate (158) 
t0 337, Aso lUti o n oM57( 6 . 8g ,10 ( 34 = 

,5 with waler (3 x 50 mL), brine (1 00 mL) and dried over magnet <W^£^™ lhe product as a ye „ 0 w 
lhe resulting produc, was purged by ..as, ^rornau> 9 ,ap y e, ^ •»*■ acetate o g, ^ ^ ^ 

oil (3 57 g. 64%) iH NNR (CDCI 3 ). 6 7.25 (arom. CH), 6,6 (S ^1H «™W.> » V CHjCHCHp), 

tH J-9.7, HZ. TrOCCH 2 ) 5.37-5.20 ^ '"^^J'J^S ^ ^ 8.« M=6.41 HZ, 

4.36-4.22 ,m. 3H. CH CH O ^^^.90 £ ^^l* 3 *^.,^ CO), 166,7 (CON), 1544 

20 CH 2 CH 2 0) 2.29-2.00 (m, 4H, NCH 2 CH 2 CH 2 ) C NMH (ouu 3, ^ , 18 42 

(OCO). 149.88 (COCH3), 148.93 (COCH 2 CH 2 ), 131 ^ /^^a ) «'2 NCHOH), 74.96 (TrOC-CH 2 ), 65.47 
(OCH 2 CHCH 2 ), 114 48 (arom. CH), 110.8 (aron, CH^SS. ^ ^ ' 34.26 (CH 2 CH 2 0), 28.64 

<OCHCHCH 2 ). 64.43 (CH 2 CH 2 0), 60.13 NCH), 56/14 (OCH 3 . 464 N ^ M (1B)> ^ (8)> 70 (2 4). 
(NCH 2 CH 2 CH 2 ).MS (El) m,z (relative ^^^S.™ to chSne 552.0646, 550,76, 554 ,617. 

25 55(24). HRMS calcd. for C 22 H 2 ^ 2 °8 c h ' ^■ UOD1 ■ ,uu 

IH-benrolelpyrrolop.l-alLl.^diazepin-B-yloxypropanoicBcdtlSg) 

, j v,„,h^uinnmh To this was added Tetrakis(triphenyl- 
30 [0338] A solution 0. 1 58 (3.5 g. 6.35 mmo.) was M « ,he reaction was comp.e.e 

pnospine)pa.ladi U m(0) (350 mg. 0.303 mmo.) and the ^"J?^"^^ The BOH was then removed 
by TLC monitoring. The reaction was then allowed .0 coo. and the ^ ™ next st eps. 1 H-NMR (CDCI3): 5 

4, vacuole give .he crude material as a yellow solid whch was ^use Id. eel y 1 n the exi ^ ^ j 

7.22 (s,1H, OCCHCN), 7.01 (s. 1H, MeOCCHC), 6.27 (bs, COOH) 5.67 H1M-9i ^ ^ £ 3 
35 =12.09 Hz. TrOC-CH 2 ), 4.29-4.11 (m, 2H, ^0^^3.85 (s.SH.OCHJ, 37 W «J „ z CH ^ 0) «c NM R 

IH. NCH), 2.80 (m, 2H, NCH 2 ), 2.12-1 .99 (m. 4H, MOJWJ^ 74 (C OCH2CH2), 133.79 (arom. 

(CDC W :5=174.27(acidCH)J67.34(CON)^ 

28 59 <NCHZCH2CH2) ' 23 08 

40 (CH 2 CH 2 0) 

n^^y^ (16lHseeF»aure2g) 



45 [0339] 



50 
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to 



15 



20 



25 



., Qn , wa e o dde d 1 -(3-dimethylaminopropyl)-3-ethyl- 
,0340, To a so.Uf.on ol 1 59 (1 00 mg. 0.1 96 mmol) in Jjwjj^^ 1 mq , a0 4 mmo.) and .he solution 

Siimide hydrochloride (44 mg, 0.23 ^^^StSSS «» «» - acton stirred "° r * ^ ^ 
s! red for 1h. To the reaction was added pynolKJ.no (16.36 mg, 0_23 J £ , rapny e | Ut ing with 5% methanol 
TheVoSent was then removed in vacuo and the compound punfiedby lash ch o 9 ^ ? ^ ( 
I ^ ic^thane to give the product - 

1H, MeOCCHC). 5.66 (d, 1H, J - 5 49 H ^^^" 5 - 1 ? ( f " 3 73 . 3 . 67 {m . 1 H, NCH). 3.53-3.44 (m, 6H C-nng NCH 2 
C1 aH) 4.35-4.23 (m.2H,CH 2 CH z O), 3.90 (s,3H,OCH 3 U 3 J3 3. . NC H 2 CH 2 CH 2 + 

?6 02 24.42 (vanous N-(X)CH 2 ), ^o.w ^n 2 ^ 2 #. 
8) 547 (2). 546 (8), 279 (2), 192 (4). 126 (18), 98 (6). 

3-(7-methoxy-5-oxy(11aS)-2,3,5,1ia lexranyu 
1-pyrrolyM-propanone (161) 

Method A. » 

♦v, n^/cmn was added i-(3-dimelhylaminopropyl)- 

ro341l To a solution o. 160 (100 mg, 0.1 64 mmo.) in ^^f^iU - •» >< M •* wd **. " 
J Z carbodiim.de hydrochloride (38 mg, 0.2 mmo water (3 x 50 mL). saturated sod.um 

h. The mixture was then dilute with ^loromo.hane p 00 mL) and ^ ^ ^ ^ product pujed by 

rc=ai^ 



mg, 40%) 
30 Method B: 



35 



° : .u /c m n was added l-(3-dimethylaminopropylV 

,0342] To a solution ot 160 (100 mg, 0. 1 64 mmol) in was then treated 

Scarbodiimide hydrochloride (38 mg. 0.2 mmo ) and he ^ s ^ and sVirred <or 3 0 minutes. The reaction 
wSlrabutytammonium fluoride (200 u_L of a 1 .0 M sdut on ,n THF 02 mm ^ ^ ^ dicWoromeln 

:as^ solution (3 x SO mL) and brine (50 

ane (1 00 mL) and washed with water 3 x 50 JJVJJ^^ by f!ash chroma tography elutino w.th 5 U methanol 
mL). The solvent was removed m vacuo and the pr w 
in dichtoromethane to give the product 161 as a white solid iy 



40 Method C: 



45 



50 



Method t*" i 4* r\ to ml ^ and 

[03431 „noM60(56m,0,mmo^ 

e reaction mixture stirred. To the ^^^J^JL (20 mL). The so.ution was dned w h 

stirred lor 90 minutes. The reac.ion was J. men purified by flash chromatography _eUng 

maqnesium sulphate and the solvent removed m vacuo, he pro = «%). 'H NMR (CDCy. 

w*n 5% methanol in dichtoromethane to give .he «" d 8 ^ 

5 .66 (m. 1H, J = 4.39 KU, N=CH), 7.50 (s. t H, «««^H^88 (s 1 H a >. ^ 2 . 28 ^ 33 (m 2H 

3.92 (s, 3K OCH 3 ), 3.90-3.44 (m, 6H. "^f^^Sl. CO), 164.65 (CON), 162.43 (irmne CH) 150.52 
NCH,CH 2 ). 2.1 0-1. 87 (m, 811 C-ring,-pyrrol.d.ne CH 2 ) i 168 5^ ^ ^ (atom CHK 65^20 

SdHJ 147.61 (COCH 2 CH 2 ). 140.76 (arom. CN). ^f.f^^q 62 2 6.06, 24.54, (CH 2 ), 24.1 9 (COC^CH,) 
ScH,). 56.21 (COCH3) ,53, (NCH) ^^^S 0 8), 98 (2), 70 (5), 55 (3); HBMS calcd. 
MS (El)- m/c (relative intensity): 371 (M* , 10), d«x> \ h 
for C 20 H 15 0 4 N 3 = 371 .1845, found 371 .1788. 
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Example 4(b) : 3^.m Mhox Y -5-oxv(11aS)-2.3,5,11a.tetrahy dr^^ 
ft-v^vyV 1 -P'P e f idino-1 -propanone (1 63) (see Figure 28] 



[0344] 




1 H-benzo[ e ]pyrrolo[2,1- a ][1 ,4]diazepin-8.yloxy-1-perhydro-1-piperidino-1. propanone (162) 

4H, CHOH ♦ CH 2 CH 2 0). 3.91 ^^^^f^J^^ 66 {m 6H pi P eridine-CH 2 ); «C NMR (CDC. 3 ): 

(CCON). 114.19 (arom CH), 110.44 (ar «i CH) 95 .0 W 86 ? 3B 2444 \ va * ous N _ (X)C H 2 ). 

(CH 2 CH 2 0), 60.33 (NCH), 56.08 (OCH 3 ).46.77 . . 46 .44 42 75 32 J'"^^' ^ 19 \, (4 ), 140 (32). 113 
23.05 (CH.CH.O); MS (El) m/Z (relative intensity): = 579 (1), 577 (1), 331 (1). 278 ^ 579 1120 found 579 1066 
(2). 112 (2). 9f(1). 84 (3), 77 (3), 70 (7), 69 (4), 55 (4). HRMS calcd. for C-^H^O^ - 579.1120 

HT-methoxy.^xWIIaS^S.IIa-^ 
1 -propanone (163) 

[03 4 6] To a solution o, 162 ,94 mg ,0,62 mmo,) in ™ <3£>^£ J 8 "^^SS£S 
and the reaction mixture stirred. To the solution was added 1 0 /. Cd/Pb couple (Obi mmo. »' 
was stirred fo, 90 minutes. The reaction was filtered and d.luted 

with magnesium sulphate and the solvent removed in vacuo, the product as then pu rf.ed by 
etuting w 9 i,h » methane, in ~~^&£& as ft £ 4 H2 , 

(CDCI 3 ): 6 7.67 d,1H,J-4.4Hz t N=CH), 7.5 1 (s, iH.uoonw^o. , j = 7 32 H/ CHXH 2 0), 

CH 2 CH 2 0). 3.93 (s, 3H. OCH,), 3.90-3.44 (m, 5H NCH, ^fSTS^S^^^ NMR CDCtj: 
2.33-2.29 (m. 2H. C-ring CH 2 ), 2.11-2.02 (rn. 2H, C-nng CH 2 ) 1 .62-1.59 m 6H pi ? (arom CN)> 
5 168.19 (amide CO). 164.66 (imine CH). 162.43 (CON), 150.52 (COCH3 . 147 6 ^OC H 2 CH 2 ) ^ 

120.31 (CCON), 111 .51 (arom. CH). 110.58 ^^^f^^ 5 ^ S Se (ie intensHy): 385 
42 60 32 72 29 62 26.38, 25.52, 24.40 (various N-(X)CH 2 ), 24.19 (CH 2 CH 2 0). Mb ifcl). nve V ' 
S^eJSSi 245 (3), 231 (3), 140 ,15), ,38 (5), 97 (5), 84 (3); HRMS catcd. for C 21 H 27 0 4 N 3 = 385.2002, found 



385.2058. 
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F , amD , e 4 ( cl:1.(2.3^ h Y dro-1 W ndo^^^ 
M,2-aU1.4]diazepin-8-yloxv)-1-propanone(165) (see Figure 28) 



[0347] 




1.,2 3-Dihydro-1»MH.K.o.yl)-3-<11-hydro^^ 

T03481 To a solution ot 1 59 (1 00 mg. 0.1 96 mmol) in DMF was added 1 -,3-dime.hylaminopropyl)-3-ethylcarbodiimide 
C^2£. lo,) and 4,d^hytomi n o)pyndine (5 mg. 0 04 

dol^CH 13CNMR (CDCy:S168. 2 4 (CON). 166.97 , CON), 154.36<OCO). ^^{1^^^ 

^^^SS^^W 35 B4. 28.64. 27.97, ,CH 2 ) a .03 , (J» *» C, J MS F m* (relahve ,n- 
ensity = 59S M + 1). 415 (1), 365 (1). 246 (2). 192 (13). 174 (11). 173 (7), 19 (17). 118 (10 70 (13). 
03491 180-indo.ine (2.3,-dihydro-1 H-isoindole) 1 H NMR (CDCI 3 ): 5 7 '22 !(m 4H £rom CH), 4 2 £ 4H CH,). J» 
(te. 1H. NH). OC NW1R (CDCIJ: 5 140.37. 1 40.36 (ring junctions), 127.1 5. 126.90, 122.60. 122.51 . 122.33 (arom. CH). 
52.31 (CH 2 ). 

1, (2 ,3^ihydro-1H.indo.yl)-3.f7. m ethoxy-5-oxy(11aS)-2,3. 5 ,1i a -teto a hydro-1H-be 
diazeptn-8-y!oxy)-1-propanone (165) 

[0350] To a solution o. 164 (71 mg, 0.116 mmol) in THF (3 mL) was added 1 ^^f^^rZl 
L the reaction mixture stirred. To the solution was ^J^J^^^^^J^^ 
was stirred «or 90 minutes. The reaction was liUered and d f^^ 

with magnesium sulphate and the solvent removed m vacuo. The product as then purmea D y , ^ 
Ling with 5% methanol in dichlorome.hane to give the compound as a wh.te solid (y,eld , 26 mg 54 ^ NM 
CDCI): 5 7,6 (d, 1H, J = 4,8 Hz, CH=N). 7,0 ^^^^^SZ ff£ N^S^Si 

168.31 (amide CO), 164.61 (CON). 162.47, (tnne CH), 147,9 (COCH 2 CH 2 ) 140.70 (a . 
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^^ij ^4ldiazepin>8-vlo xYV1-propanone ^(167) (see Figurejgj 



70 



T5 



20 



25 



30 



[0351] 



35 



40 




1-<2., d ihydro-1H- 2 ,so^ 

.(11aS)-2 l 3,5 l 10 l l1 t 11a-hexahydro-1H-ben2o[e]pyrrolo[2 1 1-a] [1,4]dlazep n b yioxy f h 

Uochtoride (44 mg, 0.23 mmal) and 4-(dlmelhy.amino)pyrid l ne (5 mg OJM nwno.) and «J i « was thcn 

I reaction was added indo.ine (27.4 mg, 0.23 rnmol) and the react.on s hne fo r a ™ ^ e - ^ 
removed m vacuo and the compound purified by .lash chromato graphy «'^g wrth 5 „ grom 

,o give the product as ayeHow oil (yie.cU 75 ™*^^^^ 7 "&m, J = 9.7 Hz. TrOC-CH,). 
CH), 6.91 (s, 1H, arom CH), 5.66 (d. 1M- 9 .7 Hz ™ff 6 3 ° < S '_ 1 642 Hz ChJcHP). 4.25. (d, 1H. J - 11.91 
4.94 (m, 2H. isoindoly. CH 2 ), 4.79 (s, 2H *°'" d °*' CH *>L *J* Q ^ 98 (m 4H N S 2 CH 2 CH 2 ); 13 C-NMR (CDCI 3 ). 
HZ.C11-H). 3.81-3.40 (2H,NCH 2 ), 3.03-2.85 ^- 2H ^^,0) ; 2 -" ^~^ 4 "' . ; 3611 (lS0 indolyl ring 

5 169.1 7 (CON), 167.02 (CON), 154.27 (OCO). 149.91 (COCH 3 > ^^^^[^^ 110 .54 (arom. CH), 
junction), 128.61 . 127.88 (isoindolyl CH), 1 2778 (arom. CN) '^^'^^^.os ( OCH 3 ), 52.14. 52.81 
95.09 (OCU. 86.51 (NCHCHOH), 74.98 (TrOC-CH 2 ) 65 21 CH^O) ^f 0 ^ m/z (relative intensity): = 

OH i.e. C 27 H 27 N 3 0 6 Cl3 = 595.1044 

diazepin-8-yloxy)-1-propanone (167) 

.x • -rue mM w/flc addpd 1 M ammonium acetate solution (2 mL) 
[0353] To a solution o1 166 (75 mg, 0.122 mmol) >n ^^^^"^ mm ^ 76 mg) and the reaction 
and the reaction mixture stirred. To the solution was added ^^.^ ^ ,^ mL The solution was dried 
was stirred .or 90 minutes. The reaction was filtered ^^^^^^^S^ „ as h chromatography 
wih magnesium sulphate and .he solvent removed m = ™* «*>■ 1H NMR 
e.u.ing with 5% methanol in dichtoromethane > to , g«e the compound „ J*"J« ^ ( m ^ 

(CDC1 3 ). 5 7.66 (d, 2H, J = 4.39 Hz, N=CH). 7.4 (8 1H - ^ CH >' 7 f ( J 4 "j ^J*^ CHa , 3.61-3.51 (m, 1H, 
CH), 4%8 (,, 3H, J = 6.59 Hz, COCH CH , 3.84 f ^ <WJj« 1 ) ^SSf (m Jh'nCH CH 2 CH 2 ); «C NMR 
NCH). 2.97 (p, 5H, J = 6.9 Hz, CHfeCHap). 2.32 2. 28 (m , »MJU 2 ), (C OCH 2 CH 2 ). 140.57, 

(CDCI 3 ). 5 169.29 (amide CO). 164.66 (imine CH ,162.52 ( C ° N >' ^ ^ * CH) 110 53 (ar0 m. 

(arom CN), 127.86, 127.56, 123.04, 122.62 (indolylj arom. CH) 120 .38 ^^29 57 CH 2 ), 24.18 (COCH 2 CH 2 ); 
CH), 65.1 6 (COCH 2 CH 2 ), 56.06 (COCH 3 ). 53.73 (NCH), ™W*.™££.gf'l C $ HRMS caW. la. 
MS (El): rrve (relalive inlensity). 419 (M-. 21), 416 (2), 415 (2). 246 (10), 245 (3). 231 (3), 
C 24 H 25 0 4 N 3 = 419.1845, lound 419.1821. 



■minopropyloxy7-methoxy-1.2.3.1 1i 



so P» mP .e 4<e1 : Synthesis of 111*1 8-(N-9-flii"f^nylmethoxycarbonyl^mhio j 
^5g^^T o . 0 f 2.1- C 1f1 ^b^zo^azep mj^neigOSl (Sec F.gure 26) 

Synthesis of N-(t e rt-butoxycarbonyl)-3-hydroxypropylamine (196) 

ss [0354] Aso,,iono f (Boc) 2 0(25.0 g .m 

o, 3-amino-l-propano. (195) (7.8 g, 104.5 mmo.) ,n anhydrous DCM ,100 ^ Meomp ^ 
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- * * „ MnC n c vrP cq solvent was removed by 
* 70 mL). sat. aqueous NaHC0 3 (70 mL), brine (2 * 70 mL) and dned over JW»*^ NMR (270 MHz. COCI 3 ): 
evaporaL under reduced pressure to give a viscous co oujess o^l WO ^ ^ HV) , 378 (dl , 

5 1.44 (s, 9H, CH 3 ), 1.67 (m, 2H, «■ 3 2;*^*^ 528 .4 ( CH 3 ). 32.6 (ff). 37.1 (C3T»3 
1H J= 6.04. 5.87 Hz. OH), 5.18 (br, 1H. NH); "C NMR ( f 7 ™ M ^7 v 12 0(100), 119 (31), 102(49), 83(33). 
Ten 79.4 (C^J. 157.1 (C-O); MS (E/l) mft (re.at.ve i^oV. IR <Nujol») n: (cm-) 

Synthesis of Methy. ^-(^-butoxycarbony.^aminopropy.oxy-a-methoxybenzoate (198) 
[0 3 551 Asolu1iono,DEAD(18.3g,0 5 ,mmo,)in,r^ 

S3 so.u.ion o, triphenylphosphine (27.6 ^^X^)^^ ^ ^ T 

1-propanol (196) (18.4 g, 105.3 mmol) in ,tes ^ ^sW it room emperature overnight and the progress of the 
DEAD was added the reaction nature was allowed b ovap0 ralion under reduced pres- 

reaction was monitored by TLC (50% E.O A^et-eth e * ^PO and diethyl hydrazinedicarboxylate. 

sure and the residue was triturated with Et,0 (300 "^^"£1 .JaOH (150 mL). H 2 0 (2 x 150 mL), brine 
which were removed by nitration. The filtrate ^^^^^^^n under reduced pressure and the 
(2 x 150 mL) and dried over MgSQ 4 . Excess solvent was removed by e ^ bej soljd (30 g> 85 

2 ude product (198) was purified by columr i™'^^^^ H2"). 3.38 (dd, 2H, J- 5.6* 

%) . mp = 79-82 -C; 'H-NMR (CDCI3. 270 MHz): 8 V48 (s. 9H, CH,), 2 I ^ g ^ ^ NH) &86 

6.04 HZ W). 3.90 (s, 3H, OCH^J. 3 93 (s. 3H. 1 Hz ^ 1, C -NMR (CDCI 3 . 68.7 

(d 1H, J - 8.42 HZ..H5), 7.55 (d, 1H, J = 1 .83 Hz HQ. 7.65 . (* . 1 M 2-0 ^ g (Cg) 

MHz): 5 28.5 (C prima ), 29.2 (G2T). 389 ,<J 62.0 (0«W S^O), 166.8 (C=0); MS(E/I) m/z (rotative 
112.0 (C2). 122.84 lC a[0m ), 1 23.5 (C6) 148 8 C £ 15*1 C ) 1 56 ^ ca|cd ^ ^ 

intensity): 339 (M-. 11), 266 (13), 82 (42), 151 (2A102 (100). HR ( > ^ ^ ^ ^ 1272 , 

339 1682 obsd mfe 339.1733; IR (Nu|oP) n. (cm 1) 3362, 292d, « 
1217, 1132, 1045, 1022, 872, 780, 762, 722. 

Synthesis of Methyl 4.Aminopropyloxy.5-methoxy-2-nlt ro benzoate (199) 

10356] The esler 198 (4.0 g. 11 .8 mmo.) was adde din ^^^^^^^ 
9 of substrate) at room lemperature and . e ^^^ Z 's lied in an ice bath, and 15 g of iced water 
revealed the complete loss of starting malenal. ^J^'^fed by vacuum filtration and washed with small amount 
was added, precipitating the product. ^^^^SSL was collected by vacuum filtration and washed 
, of iced water. The filtrate was cooled and a second c«J> compound , 99 as a yei.ow solid, wh,ch was 
with iced water. The combined precipitate was dned m ^ P „ c . , H NMR (C0C|y 

Tpurified further, but used directly in the ^sequen^,on 2. g. 7 £). mp 3H ^ }> 4 24 (l> 

OMSO-(%, 270 MHz): 5 2.31 (m, 2H, H2% 3.20 br. 2H, «). . MB <S. 3H, ^ „ ? MHz) , 265 (GP) 

2H, J-M6 Hz, HI'), 7.11 (s, 1H, HB). 7.49 (s 1H W« (S. 3H JJ H ^ (C2) 

ST^ ("0! ^81), J. J JJ-g - - S,»,2 6 92. 1224, 1143, 1052. 884, 

284.1018; IR (Nujol 6 ) n: (cm ') 3472, 29J/, ^an. ^ OJJ < 
812. 792, 773, 756 : 724, 646. 

" S ynthes,s of Methy, ^uo.ny.methoxycarbonyOamtnop^^^ - « 

[0 3 571 A solution o, 199 (3.9 g, 11.2 mmo„ and KOH , 

mL H 2 Q) was healed at re.lux lor 90 minutes. At wh,ch «™j££™£Z n under reduce d pressure and the con- 
5 „ Consumption of starling materia,. Excess MeOH ™™°^^™Z cone. HC, diluted with THF (100 mL) 
centrate diluted with H 2 G (20 mL). The l0 P H 9. Fluorenylmethy, chloro.ormate (3 0 

and sodium carbonate (2.9 g, 27.9 mmol) was added to ^^T^J^ , ne reac tion mix.ure was a.lowed to 
g , 11.6 mmol) was added portionwise over 30 rn.nu.es to he base so^. on ^ ^ M was 

t for 12 hours. Excess THF was removed by ^^^ZLmn^ and re,a,ed by-products. The 
55 extracted with EtOAc (3 x 100 mL) to remove «^ fl ^S w«h EtO Ac (3 x 100 mL). The organic phase was 
aqueous .ayer was .hen acidified with eone. HC. and ex. ^^^^ Lvenl was removed by evaporation 
hashed wi, V h H 2 C ,2 x S^—r, bu, used direct, in ,he subseguen, 

under reduced pressure to atf ord 200 as a oeige bu..u 



87 



EP1 193 270 A2 



reaction „ , «* - - «M~ ^£~« SS^SA^^ 
l ocHJ 4 08-4.23 (m. 3H, HV + Fmoc CH). 4^49 <d. 2HL J * = ? ^ ^ Fm0CoiYl) , 9.62 (S 

3H,uuitj),tw \ 7 co /d ?H J= 7.51 Hz. FmoCajyiJ- v > . mfH v Rfi 3 (CH, Fmoc), 

7 26-7.41 (m, 5H. Fmoc ory1 + H3), 7.59 (d, /n ^ r Fmoc) s6 4 (0C H 3 ). «w l»-"2 ' 

H CO,W 13 C-NMR (CDCI 3 . 68.7 MHz)'. 5 3 8 («>• » 1 JJ 3 >' ^ 12 8.0 (C atom ,, 137.0 <C J, « 3 
la c W'107 9 (C3) 111.1 (C6), 120.0, 124.9, 127.1 and 127 ]^['T^ 5 {CO H) ■ MS (FAB) m/2 (relative 
IS ^ocU, ™^™£$£$£$:£);™ <30), 102 (17), S3 (13) ; HHMJ 
Lnsity)^ <M- ♦ 1 3) 297 W-^JJ ob L ^493.1536; « (Nujo,) , (cm 1, 1712, 1535, 

(FAB) exacl mass calcd for C 26 H2 5 N 2 u 1 ' 
1463, 1377, 1277, 1219, 1081, 970, 762, 722. 656. 



to 



1463, 1377, 1277, 1Z1», i^'. 3 '^ — 
pyrrolidine-2-methanol (201) 



75 



20 



25 



30 



pyrrolidine-^m^nanv. n m mol) 

1H, Hb arom J, ' v cq 7 8 24 4 (C4), 28.4 (Co). l***^ ' fl0/rfi \ 120.0,124.9, 

576 2257; IR (Nujol 0 ) n: (cm' 1 ) 2626. 1714, ioio. 

CH,-OH), 4.04 1, 2H, J= 5.58 HZ. m . " « »• ( 4H Fm0 c aiv1 ).7.62 (d. *y ' ^3 

(br 2 1Hl NH),6.23( S ,lH, HUJ.*-^ ^^^ 68.7 MHz): 524.9 (»), 28.6 (C3) ».1 « ^ 6 

7 75 Id 2H J= 7.33 HZ, Fmoc aIy1 ) ; 13 C-NMR (OUW 3 o / 68.0 (Cn, 102.0 l^arom). 

7.75 (d, ^M, J (OCH,), 60.4 (C2 . 61.1 (CH 2 -OH). ^ J°" 2 7 ' > 141 3 i C Fmoc ary1 ), 144 0 (C 

IS T 20 0 12? ' '2 and 127.7 (CH Fmoc arv1 ), 128.0 (J^^ ( ^°MS FAB) m/z (relate intensity): 
c a ' 0ffl \ 148 2 (C ), 150.8 (C atom ), 166.6 (NOO^ ™ exac m ass calcd «or C 31 H 37 N 3 0 6 

SStf - 04), "^JSSSS -OS, .76, 1404, 1228, 1173. 

(M . H) : m/e 546.2526 obsd rn/e 546.2532, IR (Nujoi ) 
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Synthesis -(W^^ 

2 2 2-trichloioethyloxycarbonyl)aminobenzoyl]pyrrolidine-2- methanol tzuj, 

,360) A solution o, »e amine 202 (1, , ™ 0 ^h^ ^ 

,o room\emperature and stirred .or a ^i^J^J^ ( H ^2 SO rnL). brine (50 mL), dried over 
material. The reaction mixture was " wh ^ w,,h ^ N ^ u ^^^ .^h column chromatography (98% CHCI3/ 
MgS0 4 . filtered and evaporated invacua The cruderes.due was P^Dy'a 20 357. (c = o.87.CHCI 3 ); 

MeOH) to afford the pare trlcWoroethyKarbamate 203 as a brown solid (11 I 9, 74 * Wo I 
m P = 54-57°C: 1 H-NMR (CDCI 3 , 27v. MHz): 6 1 73-1 .89 (m 2K J 2 ^;^, Fm „ c C H), 4.43-4.45 (m. 
<m P 4H, HT ♦ H5). 3.72 (s, 3H, OCh 3 >, "1*»^.C«* . ^'J* <J*J Troc CH 2 ), 5.89 (br, 1H, Fmoc 
3H. Fmoc CH, + W). 4.76 (d, 1H. J- 12^00 Hz, Troc C J£4 83 W. 1H J « . ^ ^ ? ?5 

NH). 6.82 (s, 1H, HW, 7.26-7.41 (m, 4H Fmoc 1)^ 62 (d 2H J-7J3 Hz ^ ^ (Q)> ^ 

W 2H, J - 7.51 Hz. FmOC 9.06 (br J1H .Ucc m. 3 ^^S' (CH2 . 0 H) 66.3 (CH 2 Fmoc). 68.2 (CI'). 
(C2-). 39.5 (C3-), 47.3 (CH Fmoc), 51 .4 (C5) 56-1 (OW3), W-JgJ" and 127 7 (C-H ary1 Fmoc), 130.7 

74.4 (CH 2 Troc), 95.3 (C qual ), 105.6 <C3 ). <<W 1 f °* f (C , , 5^ (NC=O c3lba L e Troc). 156.5 

(C ) 141 3 (C,„. Fmoc), 144.0 (C ary1 Fmoc), 144.5 (C arora ), 150.0 1<W- * «*. (29). 179 

(t'aiom'' J t^aryr ,par\ m // (mlative intensity): 720 (M* +• 1 . £), TO 

(NC=O calbamate Frnoc), 1 70.4 (NOO^jaJ . MS FAB /' 152Q 1464 , 1378; 1215 , ,170, 1119. 

(100), 166 (13), 102 (48), 70 (10); IR (Nuj0l°) n: (cm 1 ) 3338. 1742, 1 n«. 
1024,817, 759, 740. 

distilled DCM (6 6 mL) was trans. ened to the o^n Tn DCM 2.0 mtnol) was transferred to the 

under a nitrogen atmosphere. Oxatyl ch.onde 1 .0 ml of ■ 2 J£ ^ DMSQ (0 3 mL , 0 . 3 9 , 3.9 mmol) in 
reaction vessel, followed by the dropwise additton over 30 minutes 0 (0 79 g. 1 .1 mmol) dissolved in 

dry DCM (4.2 mL). After stirring at -45°C for 30 minutes^ ~ ^ t0 stjr a. -45°C for 45 

Z DCM (6.6 mL) was added dropwise over 50 mmu cs. The , ea t.o n m,x u ^ ^ over 3Q 

minutes, the mixture was then treated ^'^^ consumption of starling material. The 

minutes at -45'C. After 35 m.nutes. TLC (97 ^'^°" ) ^™, h D £ M < 30 mL), washed with 1 N HCI solution 
reaction mixture was allowed to warm to room ^™ m vacuo. Purification by flash column 

(30 mL). H 2 0 (30 mL), brine (40 mL), dned over MgS0 4 U tered and ^° ral so|jd (Q 48 780,). (a) 20 0 

chromatography ^^WM"OH)*^^«^^^ B « * ? 6H ^ + w+ H1) , 3.43-3.60 
= ,62.3" (c= 0.83, CHCI3) ; mp = 76-79'C; 'H-NMR ^3. 270 M * fmQC CH+ 1H Troc CH,), 
(m, 3H, H3' + HI1a), 3.66-3.73 (m, 2H. «). 3.78 (s 3H. OCH3 . 4*0 4.32 (m. ^ g 8? ^ 

4.44 (d. 2H, J = 6.78 Hz, Fmoc CH 2 ), 5.25 (d, 1H J = 12.00 f' 1 ™?"* Fm v. 7.75 (d. 2H, J -7.51 

1H. NH), 6.82 (s, 1H, H6). 7.23-7.41 (m 5H * - J«M- ™ 5 (CT). 4sS C3), 47.3 (CH Fmoc), 

Hz, Fmoc a , t ) ; ,3 C-NW1R (CDC.3, 68.7 MHz 623^ .28.6 \ g5 , (C } , n0 .5 (0B). 113 8 

56.0 (OCHs). 60.0 (Clla), 66.4 (CHj Fmoc). 68.3 (CI ] ^74.9 ( CM 2 1, ~»' B 141. 3 (C a l Fmoc), 143.9 (C aly1 

(C9). 120.0, 125.1. 127.0 and 127.7 (C-H aty1 Fmoc), 128 ^o^ 3 .^^ f^c] 167.0 (C4 amk)e ) ; MS 
Lie), 143.8 W 14M W S^^^^S^^O (15); « (^) « (-') 

Synthesis G , (11aS, 8,N-9.f,oreny.metbo X yc a rbony,)aminopropy.cxy-7-me,hoxy-1. 2.3,1 a-tetrahyd 
50 pyrrolo[2,1-c][1,4lbenzodia2epin-5-one (205) 

[0 36 21 Velfow ,ead (,.) oxide (500 mg. 2,4 mmol) was disced in f*Zfi^2£wW<^ 
iddod slowly to a vigorously stirred suspension of cadrn^ care)ully . M J 2 0 minutes, the 
cadmium darkened as lead deposited on ^^?o^^Z£* ^he lumps were crushed 

solid couple was filtered under vacuum, washed with H z O and acetone a 

and stored in a closed vial. . ™ was added in one portion to a solution ol the 

,0363] The cadmium/lead couple (0.62 g, equn,. 0.56 g. 4.94 mmol Cd) wa£ , added i P ^ r<)om 

Troc protected carbinolamine 204 (0.71 g. 0.99 mmol) and ammomum acetate (1.0 M. mL) 
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temperature. The region mixture was stirred ,or 4 hours, during whfcn ^^^SS^S^JSL 
opaque with a fluffy while precipitate. When reaction was complete as ^«^™^ The filter 
were removed by filtration through Celite, and the THF remove ^^SZ ,3 x 15 mL), and the 

cake was washed with several aliquots o. EtOAc The ^ 8 J^^Jj£ by f las .column chromatography 

organic phase was dried over MgS0 4 , filtered ^^f^ZZX^T^) *** "P"*** evap °" 
(97% CBCI^MeOH) furnished the target compound 205 as a brown solid M/g. J . _ 

rated fr, vacuo with CHC, 3 in order to obtain the Ml 0-C11 imine orm of the ^°^f f \ A5 . 3A7 

CHC.3); m P = 73-76-C; 'H-NMR ^f 9 ^^!^ 2 H1 f Frioc CH), 4. ) 43-4.46 (m, 

(m 2H HJT 3.67-373 (m, 2H. W). 3.80 (s. 3H, OCH3).). 3.84-4 23 (m, 4M, mia 1 

H FmoccW 5.92 (br, 1H, NH), 6.82 (s, 1 H. H6), 7*9 -7.41 l(m, ^^^^^SmS^^y MHz): 
Hz, Fmoc aryl ) 7.67 (d, 1H. J- 4.40 Hz. HI W 775 (« 2H U = 7*3 Hz, ^ >• e« (CH 8 Fmoc). 

6 22.3 (C2T29.3 (C1), 29 6 (C?), 39.6 ( OT) 46 .7 ( C3) 47£ (OH Fmo c) 5 7 (OC^56 ( ) ^ ^ 

(C 3 , om ), 141 3 (C 6ry1 Fmoc), 144.0 C aiy1 ^^^'^^^J,). 304 (4), ft 191 (15), 179 
164 5 fC4 . > MS (FAB) m/Z (relative intensity): 526 (M + + 1, it)), V).* *\ i. * ' m /~s26 2264 obsd 

102 (40). 91 (10 , 70 ,13); HRMS (FAB) exact mass calcd lor ,» g 64 
m/e526.2lW IR (NujOl>) n: (^) 3327, 1729, 1690, 1601, 1509. 1427, 1261. 1217, 1023, 759, 740. 

Examples 5 to 8 : Cytotoxicity Data 

NCI In Vitro Cytotoxicity Studies 

[0364] The National Cancer institute (NCI), Bethesda, 

Lich consists of approximately 60 human tumour cel. linos ^ " 1< viability or growth is 

concentrations each differing 10-fold. A 48 hour continuous exposure protocol is used, 
estimated with an SRB protein assay. 
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ro365, The lest compounds were evaluated against approximate, St^SS 
procedures were described in detail by Monks and co-worker ^"J, A a^ounjJrtM ^ 
1991 . 83. 757). Brieffy. ee„ suspensions were ^^^^^^ ,1 0o pL) into 96-we.l 
density (5000^0,000 cells per well based on cell growth ^T^SS^SSZ (or stabilisation. Dilutions at twice 
microti plates. The cells were allowed a pre.ncubation peno I of 24 hours a t 37 C -or compounds WG re 

the intended test concentration were added at Ume zero ^ '«£fj£» « ^ ^ for48 hours 

evaluated a, five 1 0-fold dilutions (10-. 1 0 ■•.10*. 1 0 7 ^^^^^^^ 8 «* A ^ 

^r^rdToTad^ 

the dosage required to kill half of the cclls^ ^ ^ whjch js taken t0 be the 

^0366) The results presented in examples 5 to 8 arc l^ 50 v<hu<, 
dividing line between cytotoxicity and non-cytotoxieity. 

NCI Hollow Fibre Assay for Preliminary In Vivo Testing 

in mice. Each test mouse received a total of 6 fibres (J iniraperuo y , , , , doses by the intrapen- 

cancer eel, lines. These mice are treated with potential anhtumour compounds al C ac « est d y ^ 
tonea. route using a QD x 4 treatment schedule Veh.le con £ rj£^J£2 anticancer effects, the 
only. The fibre cultures are coilcc.ed on the day ol owing the ^^T^L conversion assay . From this, the 
viable cel. mass is determined for each of the cell Laos using a lonr,azyr ^£TT) » nv optical; 
%T/C can be calculated using the average optical density 01 compouna K . . . h samp ie, as a 

density o, the vehicle controls. In Thus, the cytostatic 

sample of fibre cultures are assessed for viable cell mass on ine any w 

and cytocidal capacities of the test compound can be assessed. ||n es T h is represents a total 

[0368] Generally, each compound is tested against a minimum ol 1 2 human cancer cell l.nes. 
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doses against each of the cell lines with separate ^ t ^ e ^^^^J xen0 ^n models on the basis 
f 036 91 Compounds are selected (or turther in ^^S^Mc-W™ 
of several hollow fibre assay criteria. J = ud^a /.T/C .50 , orug/subcutaneo us culture) in 

(12 cell lines X 2 sites X 2 compound doses). (2) act v, y at a dKta P ^ ^ jn ^ . |mp)am 

a minimum of 4 of ihe 24 possible comb.nat.ons; nd/or (3) net =eM k. o o{ fl gh/en 

site. To simplify evaluation, a points system has been adopted "J^^J^ ,„ a 50% or gre ater reduction in 
compound. For .his. a va.ue of 2 is assigned for each com P° u " d ^ s0 tha , criteria (1 ) and (2) can 

viable cell mass. The intraperitoneal and subcutaneous samples arc ^J*^ ^ m 0 , onc or more ce „ 
be evalualed. Compounds with a combined IP * SC score ol Z I a probability of missing an 
lines are referred for xenograft testing. This companion ndca ted haUherc «J* » " (c , hese crjterja , 

active compound if the hollow fibre assay was used as the ,n,t,al wvo saoenmg x ^ 
oiher factors (e.g. unique structure, mechanism of action) may result m referral comp 
wilhoul the compound meeting these criteria. 

NCt Human Xenograft Studies 

[0 3 7 03 These are carried out on nude athym* mice with a ^^^^Z^Z^Z 
L tested is imp.an,ed in their flanks, and whilst the centre T„"are expressed as the toxicity 

varying doses of the test compound, which .s admm.stered ■W"^- 
oUhe compound, .he amount of .umour growth, and the Inhftfton of growth. 

Pim ple 5 : In Vitro Cyto toxicity of compounds of formula I 

results (LC^uM) arc set out below, and are illustrated in Figure 29^ 

7Jp2003^24)J^ 
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,0372, Ol the compounds .ested, the above showed me hox^ substituent (UP2065, 

and breast cancer cel. lines. Replacing the C-8 benzyoxy group in UP200 . <24£ ^ ^ (on , y 

42) significantly changed the cytoxicity profile J^jSEtS was gained against the melanoma 
reduced aclivi.y against Colo 205 remamed). However, dddftcna y MDA . M B-435. 
cell lines SKMEL-2 and MALME-3M, the renal cell line RXF 393 ana me 
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0.5 uM for UP2052 in the melanoma SK-MEL-2 cell line. 



^^^j^i^cytotoxicltv of co m ^nds,of£grmu»g« 



10 



cnhiected to the NCI to Wfro Cytotoxicity study. The 
ro373) Some of the compounds synthesised ,n example 2 were sub,ected 
results <LC 50 ;pM) are set out below, and are illustrated .n F.gurc 30. 
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Lung 



UP2004 (70) 



UP2023 (64) 



UP2067 (172) 



LC 50 UtM) 



NOH23 



NCI-H226 



NCI-H460 



Colon 



CNS 



NCI-H522 



COLO 205 



HCC-2998 



KM12 



SF-539 



SNB-75 



Melanoma 



MALME-3M 



M14 



SK-MEL-2 



SK-MEL-28 



SK-MEL-5 



Renal 



UACC-257 
UACC-62 



RXF 393 



Breast 




MDA-MB-435 



MDA-N 



~~ ~«~^ /i r \ most stronqly in the Lung, Coton, 

,0374, O. the compounds tested, the above M -^.^^^I?.^ a C-8 benzyloxy 
CNS. Melanoma, Renal and Breast cell hne activity in the Melanoma panelThe 

substituent (UP2004, 70) lor a methoxy group (UP206 "~ » Bne8 . The memoX y analogue also exh.b.ts 
me.hoxy analogue is more potent and acts aga.nst a greater number o ce exhibjls 
improved activity against the colon cancer cel. f fc, ^J* J™;'" , oxy compound. Replacing the electron r,ch 
against the renal cell line RXF-393 which ,s no, ^^^^utti in slight attenuation of activity in some 
dLthoxy A-ring with an iodo substituted aromauc ™QVP*^W™ 5 U mela noma cell lines against onty 

cel. lines, but the ana.ogue showed activ.ty aga.nst * wider spread of ccH t ^ (o q keione ((jp2067 

3 tor the benzyloxy analogue). Chang.ng the na ure oU ^ e ^-9 jx unsat ^ ^ me|anomas 

172) lead to additional activity against the breast cancer ce« ^neMD MB ^ ^ ^ N(J| H52g 

MALME-3M, M14. SKMEL-28, the CNS cancers SF-539 and IS »9 ^ lung cancerce|| , me 

0375, The PBD dimer UP2001 (80) exhibited potent and « e ^'^^ LLerna cell lines MALME-3M 
l NC ,-H460, the coton eel, lino HCC-2998. the >° * * "° SS ° NA 

(very potent, 0.08 j.M) and UACC-62 (very potent, 0.07 u-M), wh.ch may 
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Pim ple 6(b> : Ho "™ Fibre Assay on Compounds of Formula H 

[0 3,6] Two or compounds tested underwent ,he NC. Ho,,w Fibre Assay, and , h e results are presen.ee below. 



TO 
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L ^ 12lLj!Illl ^^ Xenoargtt Studies on Compoj^jjOjUPJOOT 

nraf. studies on UP2001 were performed by the Biological Testing Branch of the NCI as 
[0378] Human tumour xenograft studies on u i <:uu y 

described above. , hliman m ammary tumour), Ovcar-3 (human ovarian 

,0379, Athymic nude mice bearing MDA-MW* -J^^^ i. treated a. doses of 0.67 (high, 
tumour). UACC-62 (human melanoma) or OVCAR 5 Pumana mjce dose level wrt h 

0.45 (middle) and 0.3 (low) mg/kg/injeclion given once every 4th day for a total 

20 controls). . ^ o) lhe drug an d its ability to retard tumour growth. 

[0380] UP2001 (80) was evaluated by measuring the toxoly ot the arug 



Tumour 


Toxicity 


%T/C 


%Gr< 


>wth Oi 


ilay 




High 


Mid 


Low 


High 


Mid 


Low 


High 


Mid 


Low 


MDA-MB-435 


3/6 


1/6 


2/6 


toxic 


3 


3 


41 


41 


41 


OVCAR-3 


I 0/6 


0/6 


0/6 


7 


20 


46 


73 


73 


9 


UACC-62 


0/6 


0/6 


0/6 


22 


28 


67 


43 


43 


43 


OVCAR-5 


0 


0/6 


0/6 


52 


45 


38 


16 


28 


32 .. 
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. tment 7 T/C represents the width of the 
[0381] Toxicity represents the number of mice which died « js iresu . o rea • ° ^ presented „ 

Lours in the "test' mice (T) (as measured with ^ £ en for the tumors to reach an arbfcrary 
a percentage. % Growth Delay represents the increase .nthe amount 

^-MOA-MB^S xenografts ^^^^^IS^^SZ 
growth observed in the control population. In addmon. 4 ^'"^^^ dose . 

was also observed. Some toxicity towards 'he hosts was^ b served even at o & ^ ^ ^ ^ ^ 

[0383, A good dose ^J^^S^^^VO,^ At .he medium dose the value was 
qrowlh in treated sublets was only 7 A of that «s«vea i . contro| tumours 

20% and at the low dose the tumours in the treated was obscrved . No mice died as 

[0384] Al the high dose a 73% growth delay in reaching a tumour mass 9 

a result of exposure to UP2001 (80). u ACC-62 xenografts for UP2001 (80). At the 

[0385] A similar dose response lor tumour grow.h was medjum dose treated tumours were 

Uh dose treated tumours were 22% of the s.ze of t * ^ were 67% o! the si Z e of the control tumours. 

28% of the size of the control tumours and at the ^os« treated turn 

Again no mice died as a result ol exposure to UP2001 (80)^ approximately 50% tumour size reduction 

[0386] Resul.sfor.he human ovariantumour OVCAR-5 ^ SSC '^ red Q £ hl hcr at , owe r concentrations. How- 
was observed and some growth delay was <^>^ «£*< ^ 
ever again, mice died as a result of exposure to UP2001 (80). 
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^Mc t.,rr>nur ^F-295 Athymic nude mice bearing SF- 



Tumour Free I 




10 



«• oooinQi <;F 295 xenografts. At high and medium doses all the 



15 



7 ■ h, ygg ryt»in»icit Y of compounds of Formula !!) 



; 0 38 9] All o, - compound syn^sed In e^p.e 3, were subbed to ,e NO, ,n «. Cy« screen. T,e 
results (LC^M) are set out below, and are illustrated m F.gure 31 . 
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TUMOUR TYPE 



?5 



30 



35 



Colon 



CELL-LINE 
DESIGNATION 



NCI-H522 



40 



45 




Renal 



Breast 



M DA- MB- 435 



T ^IP2026 11 36) showed cytotoxicity against cell lines in the human lung , 
f0390] The C-7-phenyl substituted compound UP2026 (1 36 y pBDs the molecule was inact.ve in the 

colon melanoma, renal and breast cancer panels. of the melanoma panel. Inclu- 

CNS cell line panel. However, UP2026 (1 36) was act*e .against as cytoxicity was only observed 

sion of a methoxy group in the C7 aryl mo.ty P« SSSS cell line RXF-393. Introduction of a nitro 

in the lung cell line NCI-H522, the melanoma cell ne ^SKMEL 2 and M ^ ^ once th 

in the lung, melanoma, renal and breast cell line panels. 
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gvnm ple 8 : in Vitro cytotoxicity of compou nds of Formula IV: 

p»B1] The compounds synthesised in example 4. were subiected to the NCI In Vitro Cytotoxicity study. The results 
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TUMOUR TYPE 


CELL-LINE DESIGNAIKJN 


UP2005 (161) 


UP2008(167) j 




LC5o( 




Lung 


NCI-H23 




8.9 j 




NCI-H522 


8.7 




Colon 


HCC-2998 




8.1 


CNS 


SF-295 


8.8 






SF-539 


7.7 




Melanoma 


MALME-3M 


73 


6^8 j 




LOX IMVt 


9.2 






M14 


6.2 


8.4 j 




SK-MEL-2 


7.6 


6.5 | 




SK-MEL-28 


6.5 






UACC-257 




7.1 j 


Renal 


RXF 393 


6.8 





(0392] Two of ,he four C8 PBD amides. UP2005 (161) and UP2008 ^-^^^X^Z 
hS lay. UP2005 (161) showed se.ec.Mty for me .ung, 

was particularly active in the melanoma pane, exhibiting cytotoxtaty aga.nst 5 _otrt erf thej m»n« 
(167) revealed a slightly different profile being active in Ihe lung, colon, and melanoma panels. Ag 
was particularly active in the melanoma panel. 

Example 9: Further results tor PBP S^-™ ^00\. 80) 

[0393, The compound synthesized in example 2(d) (SJG-136. ^^^^^S. which is incor- 
0394 The first assay, which is described in G.B.Jones, e a/.. ^™J^°Z*^^' n 0 f DNA. This 
porated herein by reference, determines the effect of the test compound on the he. x 
^say is designed to give an indication of the strength and extent o i cross- hnkmg of 

compound (i.e. a measure of the s.abilisation of the DNA upon d|DNA , where lhe calf thymus DNA 

[0395] The melting temperature was determined for a 5™J * 21*^ EDTA pH 7.00 ± 
concentration is 100 mWI in aqueous sodium phosphate buffer (1 0 mM sodium p ^ ^ 
0.01 ). For calf thymus DNA at P H 7.00 ± 0.01 , the melting temperature IS 67.83 i 0.06 C (mean 

determinations). IBB ni-tnNAI the PBD dimer 80 elevates the helix melting temperature (A7J ol calf 

[0396J For a 1 :5 molar ratio ot [PBOHDNAJ, the PBD cumer conditions, the C-ring- 

thymus DNA by an unprecedented 33.6«C after .ncubaiion lor 1 8 hours at 37°C. unoe 

unsubstituted dlmer DSB-120: 



so 
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ln . sir ,,artashion ,o DSB-120. il provides sorrre 60-80% of ^^ZT^O^S^ti 
a kinetic effect in the PBD reactivity profile. ^^^^^SXm^ of 1 :100. SJG-136 still 
alone, SJG-136 is > 10-fold more effective than DSB-120. Even at a ™? p B D][DNA) molar ratio, 

exhib s significantly better DNA binding affinity than the monomer tomaymyc.n at a 1 .5 IPBDHUN j 
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Tomamycin 
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,0397, The resutts for a [PBD]:(DNA] ratio o. 1 * are summarised in the table below (Al, Atm va.ues * 0.1 - WO 
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Compound 


Induced 47 m (°C) after incubation at 37°C for 


Oh 


4 h 


18 h 


SJG-136 (80) 


25.7 


319 


33.6 


DSB-120 


10.2 


13.1 


15.1 


Tomamycin 


0.97 


238 


2.56 



55 



[039 Bj 1 nc ama piu&eniww 

to dale according to this particular assay. , m - lh numan ovarian carcinoma cell line A2780 

al., Br. J. Cancer. 1 994, 70. 48). t-omoounds for 96 hours at 37°C, and as- 

[0400] The results, which were obtained by incubahng the cells with ^ompounos 
scssing the cell number using Su.forhodamine B, are presented ,n the table below. 





ICso 3 (M-M) tor 


A2780 


A2780cis B 


RF b 


SJG-136 (80) 


0.000023 


0.000024 


1.1 


DSB-120 


0.0072 


0.21 


29.2 


Cisplatin 


0.265 


8.4 


32 



a Dose of compounds required to inhibit cell growth by 50% compared with control 
b RF is the resistance factor (IC^ resistant/parent) 

[0401, The ,C 50 value for BO in the A2780 ce e is ^^^^^^^S^ 

'compared to DSB-120 IIC 50 = 7* nM) this celMine with a similar IC 50 

resistant A2780cisR (IC^ = 0.21 mM). SJG-136 .s almost 9,oou ioio p DSB -120 and cisplatin 

value (24 pM) to that in .he norma. A2780, giving a Res.s.ance Facto o. ^Jj^™^ lhal SJG . 136 ma y have 
give Resistance Factors ol 29.2 and 32, respectively, across 0m pa.r of cell Imes suggests 
potential in the treatment of cisplatin-refractory disease. 

Example 10: Ovarian Carcinoma Cytot oxicity Assay 
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. „ a r m /rm risR IcisRdenotcs thai Ihe cell line is resistant to cisplatin). 
investigatedwereSKOV-3. A2780/A2780c IS RandCH1/CH1 ^' s " d ^° |ates and all0 wed to attach 

[0 403, Single viable cells were seeded in ^^J^i^ immediate* prior to adding 
overnight. The PBDs were then d.sso.ved in DMSO (lo give M mM a g ^ ^ ^ ^ ^ as 

,o the cells in quadruplicate wells. The mal dru ^^Lh^edium and then 40 ,L added to the 
100, 25, 10, 2.5, 1 (HI. 250, 100, 25, 10. 2 5 nM W^^ed m g ^ ^ 

existing well volume of 1 60 uL to g.ve f.nal concentrations as abover a e lhen was hed 

Remaining eels fixed by exposure to 10% ««*^^" tj^^ B (0.4 % ) dissotved in 1% 
3 .4 toes with tap water, air dried overmght J* werc washed 3-4 times with 1% acetic 

acetic acid. Staining was allowed to conttnue lor 1 ^'f , o mMTpiaTL we"e then shaken and absorbance readings a. 
acid, air dried and then added to package, the 1C 50 values were cal- 

540 nm were determined us.ng a plate reader. By us* me uua ^ 
eulated from plots ol concentration versus percentage absorbance (comp 

(a) Compounds ol Formula I 
[0404] 



20 



25 



30 



35 



40 



15 



T 


IC 50 (|iM) 






Compound 


A2780 


A2780cisR 


CH1 


CHIcisR 


Skov3 


Anthramycin 


0.155 


0.16 


0.062 I 


0.05 


0.16 


UP2003 (24) 


0.0145 


0.12 


0.016 I 


0.04 


0.012 


UP2051 (31) 


0.1 


0.27 


0.105 


0.16 


0.46 


UP2052 (33) 


0.07 


0.105 


0.09 I 


0.037 


0105 


UP2053 (56) 


0.0054 


0.058 


0.0115 


0.011 


0.1 


UP2065 (42) 


0.36 


0.46 


0.115 


[ 0.15 


0.45 


UP2074 (10) 


0.155 


0.43 


0105 


j 0.27 


0.52 


UP2089(177) 


0.0022 


0.0042 


<0.0025 


I 0.0023 


0.0054 


UP2092(179) 


0.004 


0.007 


0.0016 


I 0.0082 


0.0098 


UP2095(181) j <0.05 


<005 


<0.05 


j <0.O5 


<0.05 



[040S1 Th« M polsm ««« ol «■ »~^;°™°"^ u ™™«1) Wl'oui aMng u » boond by mew. 

S. M 2 P««»» * «■ »«>: UP2089 (177), UKOM »™£ d * „°f 0 , «n*>,xo 



also possesses conjugated encto oxo "nsaturatton. replication and thus generally show h.gh cyto- 

{04061 PBD dimers are able to cross-link DNA and block Jumou eel «p« ^ jn these ovarian cell 

S The PBD dimer UP2053, which possesses on.y endo ? he monomers UP2089 and 2092. 

n "a. The dimer is marked* more cytotoxic tban ^ »— «**T 

[0407J The remaining molecules of Permute I are ™^Jg££* lhe alcohol UP2053 are more potent than 
are broadly comparable with anthramycin. However, the ester UP20O3 
anthramycin against these ovarian tumour cell lines. 



50 



55 
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(b) compounds of Formula II 
[04081 



10 



15 




[0 409) Compound UP2100 (207) has the structural; lormuta: 



20 



BnO 



MeO 



25 




30 



35 



40 



45 



and was synthesised by the same route as co ^ ound ™ hnannmolar leve | S across the ovarian tumour cell line panel. 

comparable to tjat (or anthramycin. UP2023 <J£ ™ p jljons . 
UP2004 (70), which contains two alkoxy groups at me / ano y 

(c) Compounds of Formula ill 

[0412] 



50 



55 
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(continued) 











Compound 


A2780 


A2780cisR 


CH1 


CMcisR 


Skov3 


UP2086 (120) 


0.84 


0.45 


1.6 


2.2 


25 



[04131 UP2025 is the most potent monomer with two ^*££^S£££i and UP2066). 

^compounds with 3 ^!>^^li^^^^ " ** ° M ^ ? 
[04 1 4] The simple phenyl subsisted PBD ^^^^^uort increases cytotoxtelty (138) but the pres- 
ntroducing an electron donating nvr.-wxy group into the 9**^ 
ence of an electron withdrawing nitro group reduces cytotoxic activity P I 

(tf) Compounds ol Formula IV 
[0415] 





ICso/U-M 






Compound 


A2780 


A2780cisR 


cm 


CMcisR 


Skov3 


UP2005 (161)1 


1.5 


4.3 


1.4 


1.85 


5.4 


UP2O06 (163) 


3.2 


14.5 


4.9 


7.9 


23.5 


UP2007 (165) 


1.55 


4.9 


1.5 


30 


5.8 


UP2008 (167) 


0.23 


0.94 


0.24 


0.42 


1.45 


UP2088 (205) 


11 


8.5 


12 




14 



30 



Claims 

1 A compound of the formula: 



35 



MeO 



40 



o 




45 



50 



55 



wherein p is 3 to 5. 

h ic 1 v KProoano-1 3-diyl)dioxy]bis[(11aS)*7-methoxy- 

, A compound according to Cairn 1 , ^^^^Z^^^ 
2-methytidene-1.2,3 5 11-tetrahydro-5H-pyrrolol2 1 l cip/MP 

cally acceptable carrier or diluent. 
4 Th. . * a »™°»" «»»*» » """* ' " 2 " "' e "'°'' °' """*" 

based disease. 

6 . ™ «. , , — , - - — - - - 2 • «- - — ,n * """" a 

viral, parasitic or bacterial infection. 
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of cisplatin-relactory disease. 
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Figure I 



101 



EP 1 193 270 A2 



HOOC 
HN 



HOOC 



CH3OOC 



a 

OH 



Alloc 



11 

TBOMSO 
Alloc 



-a 

OH 



15 



XX 



1 



DnO 



MeO 



OH 



PJloc 



-a 

OH 



MOCH2 
Alloc 



-a 

OH 



12 



1BOMSO 
Alio 



13 



TDDMSO- 



14 



TBDMSO- 



v-4 



A i|oc -N 



HN 



OMe 



17 



16 



OTDDM5 



BnO 



MeO 



O 
19 



NH 2 



.OH 




O 
21 



OMc 




<> .O 



BnO^\^ NH 



OH 



OMe 



22 



OH 



BnO 



MoO 




OMe 



23 




Figure 2 
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Figure 4 
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Figure 5 
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Figure 6a 
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Figure 6b 
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Figure 7 
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Figure 9 
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Figure 10 
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Figure 1 1 

112 



EP 1 193 270 A2 





Figure 12a 
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Figure 12b 
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Figure 1 3 
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Figure 15 
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Figure 17 
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Figure 18 
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Figure 19 
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Figure 22 
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Figure 24 
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Figure 23 
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Figure 24 
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Figure 25 
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Figure 26 
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Figure 27 
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Figure 28 
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CO 
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CO 
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LU 



wherein: 

A is CH 2 , or a single bond; 

is selected from: R. OH, OR, C0 2 H, C0 2 R, COM, COR, S0 2 R, CN; 
r! R 7 and Ro arc independently selected from H, R, OH, OR : halo, amino, NHR, mtro, Me 3 Sn, 
a d R 8 is selected from H, R, OH, OR, halo, amino, NHR. nitre, Me 3 Sn where R ,s as defmed above, or the 
compound is a dimer with each monomer being the same or different and bo.ng of formula la or lb ^where ^he 
gr0 ups of the monomers form together a bridge having the formula -X-R'-X- linkmg the ™<^^*«*J£ 
Xylene chain containing from 3 to 1 2 carbon atoms, which chain may be interrupted by one or more 
and/or aromatic rings and may contain one or more carbon-carbon double or tnple bonds, and each X . .ndepend 
ently selected from O. S, or N; 

except .ha. in a compound o. (ormu.a .a when A is a single bond, .hen R 2 is no. CH=CH(CONH 2 ) or CH=CH(CONMe s ). 
Other related compounds are also disclosed. 
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